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1.0 PROJECT/TASK ORGANIZATION

The purpose of this document is to present the quality assurance project plan (QAPP) for collecting
water quality and other data to assess the chemical, physical, and biological characteristics of the
Powder River, Tongue River, and Rosebud Creek Total Maximum Daily Load (TMDL) Planning
Areas (TPAs).  Sample collection will be performed primarily by the Tetra Tech–Environmental
Management, Inc. (Tetra Tech EMI) Helena, Montana, office with assistance from consultants and
subcontractors as necessary.  Other Tetra Tech offices will coordinate analyses of the samples with
the assistance of sampling team personnel and the Quality Assurance Officer.

This QAPP provides general descriptions of the work to be performed to collect the samples, the
standards to be met, and the procedures that will be used to ensure that the data are scientifically
valid and defensible and that uncertainty has been reduced to a known and practical minimum.  It 
describes the procedures used to obtain concentrations of the desired chemical analytes and other
parameters of concern.  Tetra Tech has already prepared and submitted to the U.S. Environmental
Protection Agency (USEPA) and Montana Department of Environmental Quality (MDEQ) a site-
specific sampling and analysis plan (SAP), provided as Appendix A.  The SAP includes details on
the rationale for the sample collection program at the particular location, parameters to be examined,
and other information needed to conduct the sampling.

The organizational aspects of a program provide the framework for conducting tasks.  The
organizational structure and function can also facilitate project performance and adherence to quality
control (QC) procedures and quality assurance (QA) requirements.  Key project roles are filled by
those persons responsible for ensuring the collection of valid data and the routine assessment of the
data for precision and accuracy, as well as the data users and the person(s) responsible for approving
and accepting final products and deliverables.  The program organization chart presented in Figure 1,
includes relationships and lines of communication among all participants and data users.  The
responsibilities of these persons are described below.

Julie DalSoglio, USEPA, Montana Operations Office, will provide coordination of the technical and
quality assurance resources of the agency and its contractors in executing this important project.  As
the Work Assignment Manager (WAM), she will have the following responsibilities:

• Reviewing and approving the project work plan, QAPP, SAPs, and other materials developed
to support the project.

• Providing oversight for study design, site selection, and adherence to design objectives.

• Reviewing and approving all contract deliverables for the program, including draft, interim,
and final reports. 

• Coordinating with contractors, reviewers and others to ensure technical quality and contract
adherence.
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Figure 1.  Project Organization.
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Ron Steg, USEPA, Montana Operations Office, is providing overall project/program oversight for
this study as the Project Manager.  He  will supervise the assigned project personnel to provide for
their efficient utilization by supervising their efforts either directly or indirectly.  He will also have
the following responsibilities:

• Providing oversight for study design, site selection, and adherence to design objectives.

• Reviewing and approving the project work plan, QAPP, SAPs, and other materials developed
to support the project.

The local USEPA Quality Assurance Manager (QAM) is Tina Laidlaw, of the Montana Operations
Office in Helena, Montana, and she will be responsible for reviewing and approving all QAPPs and
SAPs.  Additional USEPA QA Manager responsibilities include the following:

• Reviewing and evaluating field procedures.

• Conducting procedural reviews and supplemental training, as required, at the initiation of
field activities.

• Conducting external performance and system audits of the procedures.

• Participating in USEPA QA reviews of the study. 

Tony Medrano, of USEPA’s Region 8 office in Denver, Colorado, will also retain quality assurance
management responsibilities for the region, including the following:

• Conducting external performance and system audits of the procedures, as required.

• Participating in USEPA QA reviews of the study. 

The Tetra Tech Work Assignment Leader (WAL) is Kevin Kratt, who will participate in study
design and implementation activities.  Other specific responsibilities of the WAL include the
following:

• Coordinating project assignments in establishing priorities and scheduling.

• Ensuring completion of high-quality projects within established budgets and time schedules.

• Providing guidance, technical advice, and performance evaluations to those assigned to the
project.

• Implementing corrective actions and providing professional advice to staff.

• Preparing and/or reviewing preparation of project deliverables, including the QAPP, SAP,
and other materials developed to support the project.
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• Providing support to USEPA in interacting with the project team, technical reviewers, and
others to ensure that technical quality requirements are met in accordance with study design
objectives.

The Tetra Tech Quality Assurance Officer (QAO) is Esther Peters, whose primary responsibilities
include the following:

• Monitoring QC activities to determine conformance.

• Reviewing the QAPP for completeness and noting inconsistencies.

• Providing support to USEPA and the Tetra Tech WAL in preparing and distributing the work
plan, QAPP, and SAP.

• Approving the QAPP and SAP.

The Tetra Tech Task Leaders will be responsible for managing specific tasks during the project
(performing field sampling and collecting physical, chemical, and biological water quality data). 
The Task Leaders will supervise the technical staff participating in their groups and their activities,
including implementing the QC program, completing assigned work on schedule with strict
adherence to procedures established in the approved SAP, and completing required documentation. 
The Task Leaders will direct the work of the field sampling team, including collection, preparation,
and shipment of samples and completion of field sampling records.  To effectively and efficiently
perform the required work, the field sampling team will include scientific staff with specialization
and technical competence in field sampling activities and specialized habitat assessment.  They must
perform all work in adherence with the project work plan, QAPP, and approved SAP, including
maintenance of sample custody and related documentation.  Custody procedures are required to
ensure the integrity of the samples with respect to preventing contamination and maintaining proper
sample identification during handling.  In this role, the field sampling team is responsible for the
following:

• Receiving and inspecting the sample containers.

• Completing and signing appropriate field records.

• Assigning tracking numbers to each sample.

• Verifying the completeness and accuracy of chain-of-custody documentation.

• Controlling and monitoring access to samples while in their custody.

• Initiating shipment of the samples to appropriate destinations.

Additional oversight will be provided by the QC Officers, who are responsible for performing
evaluations to ensure that QC is maintained throughout the sampling process, that the data collected
will be of optimal validity and usability, and that limitations of the data set are minimized as much as
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is possible given the logistical and scheduling challenges of the remote site locations.  The QC
evaluations will include double-checking work as it is completed and providing written
documentation of these reviews to ensure that the standards set forth in the QAPP or SAP are met or
exceeded.  Other QA/QC staff, such as technical reviewers and technical editors selected as needed,
will provide peer review oversight on the content of work products and ensure that work products
comply with client specifications.

Northern Analytical Laboratories’ Laboratory Manager, Kathy Smit, and QA Coordinator, Denise
Jensen, will oversee analyses of samples received at their laboratory.  They will also do the
following:

• Ensure that the laboratory analysts adhere to the project scope of work and QAPP,
understand all methods, monitor the operation and performance specifications of all
instruments, and maintain supplies needed to conduct the specified analyses.

• Ensure that acceptable progress is made in analyzing field samples that meet or exceed the
specified standards for quality and data.

• Complete and sign laboratory records, following custody procedures to ensure the integrity of
the samples with respect to prevention of loss or contamination and maintenance of proper
sample identification during handling, and verify the completeness and accuracy of sample
tracking documentation.

• Control and monitor access to samples while in their custody.

Additional oversight will be provided by the QAOs and Managers for their respective laboratories,
who are responsible for performing evaluations to ensure that QC is maintained throughout the
analysis procedures in the laboratory and during subsequent documentation of results.  The QC
evaluations will include double-checking work as it is completed and providing written
documentation of these reviews to ensure that the standards set forth in the QAPP are met or
exceeded.

Other QA/QC staff, including technical reviewers and technical editors selected as needed, will
provide peer review oversight on the content of the work products and ensure that the work products
comply with USEPA’s specifications.

Technical staff involved with the program will be responsible for reading and understanding this
QAPP, including the SAP, and complying with and adhering to its requirements in executing their
assigned tasks relative to this program. 

The local USEPA QAM or designee will conduct field audits of the sampling teams at least once
during the data collection program to ensure that the data collected will be of optimal validity and
usability, and that limitations of the data set are minimized as much as is possible given the logistical
considerations and challenges of the remote site locations.  It is anticipated at this time that the first
field audit will be performed during the first monthly sampling event and that the local EPA QAM, 
Tina Laidlaw, or her designee will conduct procedural reviews to ensure compliance with Montana
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standard operating procedures (SOPs) referenced in the SAP, and to introduce any unique aspects of
this field program.  The field audit will include verification of compliance with the SAP, as well as
adherence to the requirements established in the draft QAPP.  The field audit will also likely include
interviews and consultation relative to habitat assessment and interpretation of observations made
during those sampling events. 

2.0 PROBLEM  DEFINITION/BACKGROUND

Stream segments designated as “water quality impaired” or “threatened” are listed on Montana’s
Clean Water Act Section 303(d) list and require development of TMDLs.  Under court order, the
USEPA was ordered to work with the MDEQ to prepare and adopt a schedule to develop all
necessary TMDLs for waters on Montana’s 1996 Section 303(d) list.  In consideration of the original
schedule, all necessary TMDLs for the Tongue River, Powder River, and Rosebud Creek watersheds
have been accelerated to facilitate coordination between the TMDL program and the ongoing efforts
relative to development of coal-bed methane.  Consequently, comprehensive assessments of all
available data in these three watersheds have been completed and documented in previous reports. 
The results indicate that additional data are needed to facilitate the completion of the TMDLs for the
Tongue River, Powder River, and Rosebud Creek TPAs.  A draft SAP has been developed to plan
and design a sampling program to specifically address the gaps in existing data, and to initiate a
monitoring and sample collection program to evaluate water quality and beneficial uses in the TPAs. 
Specifically targeted streams and stream segments are detailed in the SAP (Appendix A).

3.0 PROJECT/TASK DESCRIPTION

Task 1: Perform Site Reconnaissance

Tetra Tech, in consultation with MDEQ and USEPA, performed a site reconnaissance to better
assess the scope of the field effort entailed in the SAP.  This fact-gathering visit evaluated logistical
parameters that will affect the scheduling and execution of sample collection and the execution of
surveys and other field work.  During the site reconnaissance, Tetra Tech and EPA determined

• Specific location and accessibility of proposed sampling stations.

• Permission required to access stations.

• Distance between selected sampling locations.

• General conditions prevailing at the selected sampling locations.

• Other information necessary for completion of the draft sampling plan (e.g., health and safety
requirements or any other remarkable observations relative to the sampling locations or
condition of the watershed).
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Task 2:  Modify Sampling and Analysis Plans

Tetra Tech finalized its SAP based on comments provided by both MDEQ and USEPA project
teams.  The SAP will serve both as a guide to the sampling personnel and as a source of procedural
information. The SAP includes the following elements:

• Source assessment site selection rationale.

• General site information (e.g., locations).

• Description of sampling event objectives.

• Appropriate health and safety procedures for the sampling team during the collection and
handling of the samples.

• The rationale for the selection of pollutants for analysis and analytical methods required.

• Parameter-specific sampling procedures.

• The physicochemical parameters to be measured on-site and measurement methods to be
used.

• Frequency and method of sampling at each sampling point.

• Preservation and sample shipping procedures and protocols, including explicit instructions
for the shipment of potentially hazardous materials.

• The necessary logistical information required for sampling.

• Appropriate references to MDEQ’s SOPs and guidance documents.

Task 3.  Identify Qualified Subcontractors

Tetra Tech will identify qualified subcontractors, where required, to supply products or services to
support this data collection effort.  These services may include a boat and crew, couriers, or
supplemental field staff, and qualified laboratory services.  Tetra Tech will verify and ensure that all
subcontractors engaged in the execution of this data collection are fully capable, qualified, and
otherwise certified to perform work in conjunction with the waters of the state of Montana.  Tetra
Tech will ensure that on-water transport services and craft are regularly maintained, and that crews
are appropriately trained and certified, as applicable, to support and perform services in compliance
with the SAP and this QAPP.

Tetra Tech will also identify and qualify the laboratory services contractor for this scope of work. 
Initial qualifications have included geographical considerations in light of the time-critical analyses
required under this QAPP, as well as the laboratory’s state certification status.  Prior to sampling,
Tetra Tech will  request and review copies of the laboratory’s Quality Assurance Management Plan
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(QAMP) and relevant SOPs for analyses required under this QAPP to ensure compliance with
reference methods and to ensure fulfillment of the goals for the program.  It is not currently
anticipated that an on-site audit will be performed in advance of sampling although USEPA or
MDEQ audit teams may retain the right to perform such audits.

Task 4:  Obtain Sampling Equipment and Supplies

Tetra Tech will provide all necessary sampling equipment, sample bottles, safety equipment
(including any specialized equipment required by its field teams and subcontractors), and other
supplies needed for successfully conducting each sampling event.  Tetra Tech notes that the purchase
of equipment will require prior authorization of the Contract Officer and does not foresee the
purchase of any large sampling equipment (e.g., composite sampler, dredger sediment sampler,
multiprobe) to be paid by the contract.  Tetra Tech will comply with all Occupational Safety and
Health Administration (OSHA) safety requirements.  Tetra Tech will make all logistical
arrangements necessary to have equipment, supplies, and appropriate personnel at the facility site in
accordance with the schedule negotiated with the USEPA project team.  It is currently anticipated
that the laboratory will provide precleaned, certified, and prepreserved sample containers and
bottleware will be provided by the laboratory for shipment of samples for analysis, where
appropriate.  Because of the logistical concerns associated with a program of this nature, however, it
is also anticipated that Tetra Tech will require its laboratory subcontractor(s) to filter samples on
receipt, rather than prior to shipment of samples.  This will limit the need for equipment blanks and
reduce the requirements for transport of reagent-grade water between sampling locations.  

Task 5: Conduct and Oversee Sampling Events

Tetra Tech will conduct each sampling event in accordance with the USEPA-approved SAP and
QAPP and, as required, will coordinate the activities of sampling subcontractors to ensure
compliance with QAPP and SAP requirements.  At this time at least two to three sampling team
members will be required to collect water quality data and field samples during each sampling event
and to appropriately document and record results.  It is anticipated that as much as 2 weeks per
month may include active sampling.  During monthly episodic sampling, diligent scheduling will be
required to ensure preservation of sample integrity and technical holding times for analysis.  
Because of the time sensitivity of some of the analytical parameters, daily shipments will be required
to ensure optimum analytical performance.  During this program at least one field audit is anticipated
to coincide with the collection of both environmental chemistry samples and biological sampling
events.  All sampling requirements, protocols, and proposed schedules will be detailed appropriately
in the draft final SAP (Appendix A in this QAPP).

Specific requirements during sampling:

a. Tetra Tech will maintain and calibrate multimeter probe instrumentation to collect a number
of physicochemical parameters at each site during the sampling efforts, including
temperature, electrical conductivity, salinity, turbidity, pH, and dissolved oxygen (DO).
Multiprobe instruments will be calibrated daily for the appropriate daily collection
parameters; that is, not all parameters will be collected every time the probes are deployed,
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and therefore calibration will be focused on the most appropriate series of selected
parameters.

b. Flow will be measured at every sampling station on each collection event to collect sufficient
data to monitor trends and correlate them against the results of water quality and
physicochemical measurements.  Flow will be measured and recorded according to the
procedures outlined in MDEQ’s SOPs (included in Appendix B of this QAPP) in Section
11.4.2, or will be recorded from existing continuous, real-time monitors sited at the station.

c. Tetra Tech will equip six of the sampling stations with fixed temperature probes to collect
temperature data throughout the entire program.  Two of the stations will be sited in
segments of Pumpkin Creek listed for thermal modifications, and four additional data loggers
will be sited in reference sites in Otter Creek and Hanging Woman Creek (U.S. Geological
Survey [USGS] Stations 06307740, 4517321060850001, 06307600, and 06307570).  These
continuous monitoring stations will be revisited for verification and calibration monthly as
stated in the draft final SAP.

d. Tetra Tech will collect samples for a variety of parameters at each of the sampling sites. 
Parameter classes are to include: salinity, sodium adsorption ratio (SAR), total dissolved
solids (TDS), and chloride and sulfate anions; total suspended solids (TSS); metals; nutrients
including forms of nitrogen and phosphorus; meteorological data corresponding to sample
collection activities; and some physical sampling (primary, secondary, and tertiary attributes,
including habitat assessments and any observable stream discharge assessments).  In
addition, four sites will be sampled and assessed for benthic macroinvertebrate and
periphyton taxonomy sometime during the summer of 2003.

e. Tetra Tech will maintain a sampling log book that contains the following at a minimum: 
instrument calibration methods, data, and the initials of the responsible personnel for each
day’s use; sample data, including actual dates and times of sample collection, locations from
which the sample aliquots were collected, fractions poured at each sampling point,
preservation technique by fraction, and verification of appropriate preservation, where
required; sample shipment information and airbill numbers; and any other remarkable
observations made regarding the site conditions or deviations from the approved SAP.

Based on the SAP and preliminary discussions with the USEPA Project team, Tetra Tech anticipates
that the sampling and analysis will focus on the following field and laboratory analytical parameters:

• Flow.
• Temperature.
• pH.
• DO.
• Conductivity and/or salinity.
• SAR
• TSS and TDS.
• Anions: chloride and sulfate.
• Hardness (calculated).
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• Total recoverable and dissolved metals, including arsenic, cadmium, chromium, copper, iron,
lead, nickel, selenium, silver, and zinc, minimally.

• Phosphorus, including total phosphorus and soluble reactive phosphorus (SRP).
• Nitrogen series, including nitrate + nitrite, total Kjeldahl nitrogen (TKN, or organic

nitrogen), and nitrogen as ammonia.
• Chlorophyll a.
• Macroinvertebrate taxonomy: population counts and assessment.
• Periphyton taxonomy.
• Physical sampling, including stream width and depth, erosion potential, bank slope and 

stability, canopy cover, habitat types, substrate dominance and types, upper bank vegetation,
buffer width, and instream cover types.  

Task 6:  Support Analytical Activities

Tetra Tech will follow MDEQ’s SOPs and the Western Pilot Study of USEPA’s Environmental
Monitoring and Assessment Program (Western EMAP; Peck et. al., 2000) sampling procedures and
protocols.  Tetra Tech will also make every effort to ship samples to the laboratory for receipt prior
to exceedance of the prescribed maximum holding times.  Samples collected early in the day for the
analysis of chlorophyll a and orthophosphates might be affected if there is no way to ship daily
because their receipt at the lab will likely exceed their required 48-hour holding times. No field
filtration will be performed in this program, other than that for chlorophyll a.  The receiving
laboratory will be responsible for inspecting and unloading sample coolers upon receipt and for
filtering and preserving samples as appropriate for analysis of dissolved metals, chloride, sulfate, and
SRP as soon as is practicable.

The remoteness of the sampling locations and the distance between them could significantly affect
the team’s ability to collect valid, unqualified sample data;  however, Tetra Tech will make every
effort to ensure timely shipment for laboratory analysis.  Close coordination will be called for in all
sample shipments given the time-sensitive analytical protocols.  Samples will be packaged (in
Bubble-pac or equivalent) within the shipping container with sufficient ice to ensure arrival at the
receiving lab in a chilled condition, if necessary.  Other requirements for samples follow:

• Samples will be shipped directly to the analytical laboratories as required by the analytical
protocols, including the use of express shipment, couriers, and any additional special
packaging and shipping instructions that might apply to express shipments via written
technical direction from the local USEPA and MDEQ project team.  Tetra Tech will
communicate daily with the laboratory(ies) throughout sample collection and submission to
ensure optimal performance in the data collection.  Tetra Tech will make every effort to
ensure that all samples are received in good condition, appropriately preserved, and under
custody seal.  Although no changes in sampling or analytical protocols are anticipated,
deviations from standard procedures and protocols are often required to maximize usable
data in remote sampling efforts.  Consequently, immediate corrective actions and measures
might be mandated to address certain deficiencies caused by unforeseen delays in sample
shipment, sample integrity issues, or condition of sample containers.  The laboratory project
manager (PM) will contact both the Tetra Tech WAL and Field Task Leader for technical
direction in the event of such observations.  Only the Tetra Tech WAL or QAO, or
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authorized designee, in consultation with the USEPA and MDEQ project team, is authorized
to provide technical direction to the laboratory.  All oral technical directives will be provided
in writing within 5 business days of issuance.  Only the USEPA WAM or Project Officer
(PO) is authorized to approve technical directions provided by the Tetra Tech WAL and
QAO.

• Tetra Tech will identify each sample by sample point code, wherever possible.

• Tetra Tech will make every effort to prepare daily shipments to each laboratory performing
analyses.  Federal Express shipments can be made only Monday through Saturday, and
Friday shipments will require advance notice if they include any time-sensitive parameters
(because of the maximum 48-hour holding times).  Tetra Tech will make every effort to
reserve Friday and Saturday shipments for sample analyses with holding times of more than
48 hours and will ensure that where Saturday shipment is employed, sufficient additional ice
is used to ensure that non-metals samples remain cool until custody is accepted in the
laboratory (which can be difficult in summer months).   The laboratories will receive
shipments Tuesday through the following Monday.  Use of Federal Express also imposes the
following conditions:

S Each shipping container and its contents (samples plus ice) may not exceed 50 pounds.

S The Friday shipment must have additional special markings to guarantee delivery unless
the laboratory can arrange to pick up the samples on Saturday mornings. If the laboratory
is picking up the samples on a Saturday morning, the shipment must be marked “Hold
Saturday.”  The laboratory will be notified in advance of any weekend shipments
regardless of their mode.  Alternatively, a detailed schedule will be provided in advance
of collection detailing sample shipment, and only deviations from that schedule will be
communicated.

 
Tetra Tech will promptly notify the USEPA WAM and the laboratory PM of any proposed
exceptions to standard protocols and procedures where scheduling, sample containers, preservation,
shipping, or delivery is affected.  Tetra Tech will not implement any exceptions to standard protocols
unless those exceptions are approved by the USEPA WAM through technical direction or
acknowledgment issued by the USEPA WAM, QAM, or designee in writing.  (In the event that
USEPA or MDEQ Project personnel are unavailable for consultation during a sampling event, Tetra
Tech will carefully consider implementation of any exceptions to the standard protocols; however,
exceptions might have to be implemented without prior notification.)  Tetra Tech will document all
exceptions, with the underlying conditions and rationale clearly explained in all field logs, and on
custody records, where possible.

Tetra Tech will continue collaboration with the laboratory regarding the receipt of samples and
custody transfers and will be available for technical consultation, as required, throughout the
analytical process.  Technical direction, however, will be issued only by the Tetra Tech WAL or
QAO in consultation with the USEPA WAM, QAM, or designee.  In no instance will technical
direction be taken or corrective actions implemented without Tetra Tech’s consultation and
notification in writing.  Under this program, cooler and sample inspection records will be required. 
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They must detail sample receipt by laboratories; condition of samples on receipt, including any late
or lost shipments, breaks in chain of custody, or broken custody seals; and records of  improperly
preserved samples (including temperature problems).  Because the data being collected must be fully
defensible under challenge, documentation must be all-inclusive.  Full and complete documentation
will be developed and maintained to support every observation, decision, and measurement,
including the circumstances, conditions, and rationale for each, as well as an estimation of the
impact on the data.  Laboratory analyses will be performed in strict adherence to the reference
methods and according to the laboratory SOPs included in Appendix C of this document.

Task 7: Prepare Sampling Reports

Within 7 days after completion of each monthly sampling event, Tetra Tech will prepare a brief
sampling event report that includes any remarkable observations made during the collection and
survey effort, states the status of sample receipt by the laboratories, notes any late or lost shipments
and reports of broken bottles and improperly preserved samples (including temperature problems),
and details specifically any departures from the approved SAP, QAPP, or SOPs included by
reference, as well as the reason and rationale for such departure. 

Task 8: Verify and Validate Data (for compliance with QAPP and Reference Method requirements)

Verification of results for completeness and compliance with method requirements is the
responsibility of the Laboratory PM, QA staff, and Laboratory Manager.  Every data delivery will be
accompanied by a certifying statement indicating that the data submitted therewith are in full
compliance with the reference methods, laboratory SOPs, and this QAPP.  Any departures from full
compliance will be fully documented including circumstances, conditions and rationale for each, as
well as an estimation of the impact on the data.

Laboratory verification must take place as soon as is practicable to ensure that any corrective actions
deemed necessary can be initiated within the required holding times or, should resampling be
necessary, while sample collection teams remain in the field.

Tetra Tech will compile and verify laboratory data in accordance with the requirements of this
QAPP and the requirements of the referenced methods.  Any deficiencies will be addressed either
through a request for resubmittal from the laboratory, a request for reanalysis, or qualification of the
data.  Laboratory data will be further assessed for usability against the program requirements prior to
incorporation into a format consistent with the balance of data collected for the TPAs. 

The general time schedule for the TPA data collection program deliverables is presented in Table 1. 
Project activities include producing and then finalizing the QAPP;  obtaining sampling supplies;
conducting and overseeing sampling; and writing draft, draft final, and final reports. 

At the time of the initial QAPP preparation, a time line showing project deliverable dates was only
able to be developed for recommendation, as sampling was initiated prior to final QAPP submission.
Draft and draft final Sampling Event Reports are so titled because it is anticipated that fully qualified
laboratory data will not be available for inclusion until after these proposed deliverable dates.  Final
laboratory data tables will be included with each final sampling event report.  With sampling and
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Table 1.  General Schedule for TPA Monitoring Program Deliverables.

Deliverable Due Date

Draft QAPP April 25, 2003

Final SAP One week after receiving comments from the USEPA
and MDEQ project management teams

Final QAPP One week after receiving comments from USEPA and
MDEQ project management teams

Obtain and inspect materials and supplies At least 5 days prior to each sampling event

Start of sampling event Upon approval of final QAPP and SAP

Draft Sampling Event Report Within 2 weeks of completion of sampling event

Draft Final Sampling Event Report 
(no qualified lab data incorporated)

Within 1 week after receipt of WAM’s comments

Draft Final Data Report November 30, 2003

analysis activities taking place through October 2003, it is anticipated that the first draft final
compilation of data will be not be available until the end of November 2003, considering
requirements for validation and usability assessments, as well as the Thanksgiving holiday.

4.0 DATA QUALITY OBJECTIVES AND CRITERIA

Data quality objectives (DQOs) are qualitative and quantitative statements that clarify the intended
use of the data, define the types of data needed to support the decision, identify the conditions under
which the data should be collected, and specify tolerable limits on the probability of making a
decision error due to uncertainty in the data (if applicable).  DQOs are developed by data users to
specify the data quality needed to support specific decisions.

4.1 Project Quality Objectives

The quality of an environmental monitoring program can be evaluated in three steps: (1) establishing
scientific assessment quality objectives, (2) evaluating program design for whether the objectives can
be met, and (3) establishing assessment and measurement quality objectives that can be used to
evaluate the appropriateness of the methods being used in the program.   The quality of a particular
data set is some measure of the types and amount of error associated with the data. 

Sources of error or uncertainty in statistical inference are commonly grouped into two categories:

1. Sampling error: The difference between sample values and in situ “true” values from
unknown biases due to sampling design.  Sampling error includes natural variability (spatial
heterogeneity and temporal variability in population abundance and distribution) not
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specifically accounted for in a design (for design-based inference), and variability associated
with model parameters or incorrect model specification (for model-based inference).

2. Measurement error: The difference between sample values and in situ “true” values
associated with the measurement process.  Measurement error includes bias and imprecision
associated with sampling methodology, specification of the sampling unit, sample handling,
storage, preservation, identification, instrumentation, and the like.

The data requirements for this project encompass aspects of both laboratory analysis and database
management to reduce sources of errors and uncertainty in the use of the data.  Data needed for the
project are listed in Table 2.

Flow measurements are critical in stream assessments and TMDL modeling because they are
essential to most pollution management and control activities.  Flow measurements will be recorded
at every sampling location to provide a comprehensive assessment of the TPA watersheds.

Electrical conductivity and salinity will be monitored at various locations throughout the TPAs, as
their measurements are good indicators of dissolved mineral content in the stream ecosystems.  
Dissolved minerals and mineral salts can limit the beneficial use options for an impaired stream or
watershed.

Another field parameter to be monitored is pH, which is a measure of the acidity
(hydrogen/hydroxide ion concentration) of waterbodies identified for characterization and
assessment.  Most aquatic organisms have a preferred range of pH, usually pH 6 to 9. Beyond that
range aquatic organisms begin to suffer stress, which can lead to death.  High pH concentrations also
force dissolved ammonia into its toxic, un-ionized form, which can further stress fish and other
organisms. 

Temperature will be measured in the field for most collection sites because temperature can
indicate flow conditions and can be useful in the overall watershed characterization.  Although
fluctuation and variability in temperature have only moderate effects in other than extreme change
on the health of a watershed, in the case of the water column profile analyses the temperature profile
will assist in data interpretations relative to stratification of the reservoir. Two sites in Pumpkin
Creek, in particular, were listed for thermal modification. 

DO is a field chemistry parameter that will be monitored because it is an important measure of the
quality of the habitat and overall health of the ecosystem.  Oxygen depletion can be an indicator of a
number of undesirable physical, chemical, and biological activities in the watershed.  Without
sufficient DO, fish and other aquatic organisms suffocate and die. Because oxygen is critical to the
survival of aquatic organisms, it is important to assess dissolved oxygen levels when characterizing a
watershed.  Oxygen depletion can kill fish and benthic invertebrates in streams and rivers. 

Some of the wet chemistry parameters to be monitored are total dissolved and suspended solids,
which identify the quantity of material in the water column  that is subject to deposition yields. 
Solids can effect water quality in a variety of ways: dissolved solids can indicate high mineral
content, making water unsuitable for drinking or industrial use; suspended solids can adversely
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Table 2.  Examples of Some Environmental Data to Be Collected for This Project.

DATA TYPE MEASUREMENT ENDPOINT(S) OR UNITS

Physicochemical Parameters

Flow cubic feet per second [cfs]

Temperature degrees Centigrade [°C]

Turbidity nephelometric turbidity unit [NTU]

Dissolved oxygen milligrams per liter [mg/L]

Conductivity microsiemans per centimeter [:S/cm]

Salinity percentage [%]

pH range from 0 to 14

Chemical Parameters

Wet chemistry micrograms per liter [:g/L]

Metals micrograms per liter [:g/L]

Macroinvertebrate/Benthic Taxonomy genus / proportional counts;  number of each taxon

Periphyton Taxonomy identification only

Physical Sampling

Various physical measurements and observations in appropriate units of measure (meters, centimeters)
raw counts, etc.

affect stream ecosystems through undesirable deposition and siltation, and through physical toxic
effects (“gill breaking”).  Because some nutrients bind to solids, and solids often include oxygen-
demanding organic material, it is often necessary to limit the loading of solids into receiving streams.

Nitrogen species, including nitrate/nitrite, TKN, and ammonia nitrogen,  are wet chemistry
parameters that measure the quantity of nitrate, nitrate, ammonium (organic nitrogen), or ammonia
in the watershed ecosystem.  Nitrogen in its ammonia/ammonium or nitrate/nitrite form is a nutrient
for aquatic vegetation. Ammonia is an animal waste product derived from the metabolism of various
natural and commercial feed products. Elevated levels of these nutrients are good indicators of runoff
and effluent waste streams from irrigation and animal production and management operations. 
Because nitrogen is a limiting nutrient to algal production in estuarine systems, limiting the loading
of nitrogen into receiving streams is critical to alleviating eutrophication in downstream waters.  

Total phosphorus and SRP are wet chemistry parameters that measure the quantity of inorganic
phosphorus dissolved in solution and the total phosphorus in the surface water samples.  SRP is
defined as the dissolved inorganic phosphorus, primarily in the form of phosphates that are readily
available to aquatic plant and animal communities.  Phosphorus is an important nutrient for growing
fish and is the limiting nutrient for growth of aquatic vegetation in freshwater rivers and lakes.
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Excess phosphorus inputs can lead to eutrophication in rivers and lakes. Limiting the loading of
phosphorus into receiving streams is critical to meeting designated uses in downstream waters. 

Hardness is a measure of the polyvalent cations in water, the most common of which are calcium
and magnesium (Osmond et al., 1995a).  These measurements are used in the calculation of the
SAR. 

Metals will be monitored because they are easily identifiable constituents of herbicides and
pesticides, which can be present in irrigation and mine runoff.  Metals can be toxic to algal, benthic,
and aquatic species.  Although metals can serve useful purposes in an ecosystem, most metals retain
their toxicity in an aquatic ecosystem.  Heavy metals like selenium and zinc can cause detrimental
effects in aquatic organisms.  The soluble forms of metals in surface waters are usually ions or un-
ionized organometallic chelates or complexes.  Factors affecting metal solubility include the pH, the
reduction-oxidation (redox) environment of the system, the mineral component oxidation states, and
the types and quantities of particles on which metals can adsorb (Osmond et al. 1995b). 

Biological Parameters

Chlorophyll a will be measured in the water column for the Tongue River Reservoir sampling only;  
however, samples will be collected and measurements made in each of the stream and river segments
where nutrient analyses are performed.  The concentration of photosynthetic pigments is used
extensively in estimating phytoplankton biomass, because these species are often used as indices of
pollutant effects in surface waters (because of their quick response to change in pollutant loadings of
metals, nutrients, and organic contaminants).  Water column assessments will measure the pigments
of suspended organisms in the euphotic zone of the water column in the reservoir, and will be
collected from three locations as defined in the SAP (Appendix A): riverine; lacustrine; and
transition.  Water column profiles will be measured at each of these stations including field
measurements of temperature, dissolved oxygen, pH, and conductivity at one meter intervals. 
Samples of chlorophyll a will be collected only from the euphotic zone, while three depths will be
sampled for nutrient chemistry at one meter below the surface, at the midpoint, and one meter from
the bottom.  Stream sampling will include assessment of attached algae scraped from rocks on the
bottom of stream and river waters.  The sample collections will be filtered in the field, and the filters
will be frozen and shipped to the laboratory for further processing.

Periphyton include algae, fungi, bacteria, protozoa, and organic matter found in channel substrates
(Western EMAP, 2000). They are used as indicators of the effects of pollutants in surface waters
because their abundance and composition in a given area are affected by the water quality at that
location (APHA, 1995).  They respond quickly to pollutant loadings such as metals, nutrients,
herbicides, and hydrocarbons.  They also are sensitive to habitat destruction and acidification
(Western EMAP, 2000).  Periphyton chlorophyll will be collected at each stream sampling station
concurrent with the regular monitoring of chemical water quality.  These samples will be collected
by scraping streambed and riverbed substrates to evaluate population densities and, during the
biological sampling (once during the summer), population diversity.  The biological sampling will
include taxonomy for the periphyton community, while the regular monthly monitoring will evaluate
only the measured chlorophyll a in total mass per area scraped.  At this time whether measurements
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will be provided to the laboratory or the results will be exressed simply as total micrograms per
sample measurements is uncertain.

Benthic macroinvertebrates are common organisms found in surface waters, where they help move
energy through food webs.  Macroinvertebrates are ideal for studying stream condition because of
their generally restricted mobility and often multiyear life cycles, allowing them to integrate the
effects of both chemical and physical perturbations over time.  Macroinvertebrates are excellent
indicators of aquatic health. Because of the range of life spans and varying needs throughout their
life span, macroinvertebrates are excellent indicators of chronic and acute pollution impacts. 
Because some groups are more tolerant to pollution than others, they can be used as indicators of
water quality (Barbour et al., 1999).  A fixed-count subsampling method will be used to assess
benthic macroinvertebrates, and this technique will be employed to target approximately 500
organism subsamples.  All specimens will be identified to the lowest possible taxon, primarily genus
but species if possible.  The laboratory techniques, data sheets, and SOP for these determinations are
included in Appendix D to this QAPP.

Physical habitat assessment will also be performed using the visual-based approach.  Complex in-
channel characteristics of streams function to provide (1) dissipation of erosive flow energy and
(2) suitable habitat for support of a “healthy” aquatic biota.  As streams degrade through physical
and hydrologic processes, the physical habitat structure becomes less complex and thus has a
diminished capacity to support biota and withstand the erosiveness of storm flows.  Physical habitat
assessment will rate streams based on their qualitative position within a continuum of structural
complexity.  It is based on field observation of a series of instream, channel shape, and riparian
characteristics, each of which is placed in the continuum for that site.  The scores are summed for an
overall physical habitat quality score.  The sample reach will be laid out and physical habitat
assessments will be performed at each of the sampling locations to describe the physical
characteristics of each stream.  Physical characteristics indicate relative stream channel stability as
well as the estimated biological potential of the stream.  This information can also provide guidance
on what types of periphytin and macroinvertebrates might be present because different species are
generally adapted to different streambed particle size, steambed shape and area, and water flow (fast,
moderate, or slow moving).  In addition, the physical characteristics can serve as a snapshot of
current conditions to which past and future measurements can be compared.  The project quality
objective for these data is as follows:

Laying out the sampling reach and performing physical habitat assessments will follow approved
methods.

At this time it is anticipated that the local and regional USEPA offices will retain responsibility for
performing the physical habitat assessment sometime during the program;  therefore, it is outside the
scope of this QAPP.

This study is being undertaken to provide information that will be used to determine the need for and
to develop TMDLs for the study areas.  Pollutant loadings might require management to reduce risks
to the health of humans and organisms dependent on the quality of the water.  Loss of instream fish
and invertebrate populations, for example, can occur if chemical contaminants exceed certain
thresholds or risk-based criteria.  Uncertainty in the data due to sampling and measurement errors or
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errors introduced during data manipulation could result in identifying the potential for an effect on
the population when one does not exist or in not identifying an effect when one does exist.  Reducing
data uncertainty is of highest priority.  Because these data might be used to promulgate regulations
on technological designs to manage pollutant contributions to the watershed, or to define beneficial
uses of the water in it, it is important to reduce uncertainty by using appropriate QC protocols.
Descriptions of conventional data quality indicators, i.e. — precision, accuracy, completeness,
representativeness, and comparability — follow in Section 11 of this QAPP.

Methods and procedures described in this document are intended to reduce the magnitude of
measurement error sources and frequency of occurrence.  The quality objectives for this project are
related to sample handling, as well as measuring of certain parameters on-site.  Those project quality
objectives are the following:

• Use of standardized, repeatable data and sample collection procedures.

• Use of trained scientists to perform the data and sample collection and analyses.

• Calibration of meters for flow rate, pH, temperature, oxygen, or other parameters to be
collected on-site to a known standard as per manufacturers’ specifications.

4.2 Measurement Performance Criteria

Measurement performance criteria are quantitative statistics used to interpret the degree of
acceptability or utility of the data to the user.  These criteria, also known as data quality indicators
(DQIs), include the following:

• Precision
• Accuracy
• Representativeness
• Completeness
• Comparability

DQIs that cannot be expressed in terms of accuracy, precision, or completeness will be reported by
fully describing the specified method; all other quality requirements will be fulfilled.  Measurement
performance criteria for data to be collected during this project are provided in Tables 3A and 3B,
and are further discussed in Section 11.0.

5.0 SPECIAL TRAINING REQUIREMENTS/CERTIFICATION

This QAPP and supporting materials will be distributed to all participants.  A procedural review will
be conducted before the field teams are mobilized.  The procedural review will include the
requirements of the QAPP, SAP, and referenced SOPs, as well as instrument manufacturers’
operation and maintenance instructions.  It will be performed concurrently with a check that all
equipment and sampling gear are fully functional and ready for deployment. In addition, there will
be discussions and demonstrations of sampling method(s) to be used and discussions regarding 



TMDL Planning Areas QAPP Revision No.  0
Date: 27 May 2003
Page 19 of 37

Table 3A.  Measurement Performance Criteria for Chemical Analyses.

Measurement Parameter

Water
Completeness

(%)Precision Accuracy

Field Water Quality Measurements RPD (%) Recovery (%) $90

      - Stream flow

      - Temperature 0.2 °C1 ±20%

      - Turbidity 1 NTU1 ±20%

      - Dissolved oxygen  (DO) ± 0.1 mg/L1 ±20%

      - Conductivity ± 0.001 to ± 0.1 :S/cm1 ±20%

      - Salinity ± 0.01%1 ±20%

      - pH ± 0.01 units1 ±20%

      - Total suspended solids (TSS) 20 ±30% (70–130)

      - Total dissolved solids   (TDS) 20 ±30% (70–130)

      - Chloride, Sulfate 20 ±30% (70–130)

      - Total phosphorus 20 ±30% (70–130)

      - Orthophosphate 20 ±30% (70–130)

      - Ammonia as nitrogen 20 ±30% (70–130)

      - Total Kjeldahl nitrogen (TKN) 20 ±30% (70–130)

      - Nitrate/nitrite 20 ±30% (70–130)

Metals RPD (%) % Recovery $90

      - Iron 20 ±30% (70–130) 

      - Nickel 20 ±30% (70–130) 

      - Zinc 20 ±30% (70–130) 

      - Arsenic 20 ±30% (70–130) 

      - Cadmium 20 ±30% (70–130) 

      - Chromium   20 ±30% (70–130) 

      - Copper 20 ±30% (70–130) 

      - Lead 20 ±30% (70–130) 

      - Selenium  20 ±30% (70–130) 

      - Silver 20 ±30% (70–130) 
NA = Not available
1 Dependent upon range of measurement used on Horiba U-10.
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Table 3B.  Measurement Performance Criteria for Biological Analyses.

Measurement Parameter Precision Accuracy Completeness (%)

Periphyton

     - Community composition1 ± 10% NA 90

     - Chlorophyll (:g/m2)1 ± 1 :g/cm2 or ± 20% 90

     - Phaeophyton (:g/m2)1 ± 1 :g/cm2 or ± 20% 90

Benthic macroinvertebrate species
composition

90

     - Identification PTD # 10% NA 90
PTD = percent taxonomic disagreement.
1Derived from Table 4-1 of the EMAP QAPP (page 84) (USEPA, 1997).

specific health and safety concerns.  Each sampling team will consist of, at a minimum, one sample
collector and a QC Officer, who will ensure strict adherence to the project protocols and will check
all documentation for correctness and to verify that no transcription errors have been made in
preparing sample custody records and other project documentation.  

6.0 DOCUMENTATION AND RECORDS

Thorough documentation of all field sample collection and handling activities is necessary for proper
processing in the laboratory and, ultimately, for interpreting study results.  Field sample collection
and handling will be documented in writing, as discussed in, and on forms included with the SAP
(Appendix A), as well as on the following forms and labels:

• A field log notebook for general observations and notes.

• A Field Data Record Form that contains information about observations and measurements
made and samples collected at the site.

• Checklists for each sampling event, sampling point, and sampling time.

• A Sample Identification Label that accompanies and identifies each sample.

• A Chain of Custody form that provides additional tracking information and requests specific
analyses for each sample.

A description of each sample at each station will be recorded on a Chain of Custody form (see
Appendix A, Sampling and Analysis Plan).  The form will document the sampling date, time,
sampler’s name, sampling site location/description, and sample description.  The Chain of Custody
form will be submitted to the laboratory with the samples for analysis and will document transfer of
custody to the laboratory.  All entries will be made in ink and no erasures will be made.  If an



TMDL Planning Areas QAPP Revision No.  0
Date: 27 May 2003
Page 21 of 37

incorrect entry is made, the information will be crossed out with a single strike mark, which will be
initialed and dated by the sampler/recorder.  All portions of the chain of custody records will be
filled out completely, and any blank sample lines will be “Z’ed” out (a diagonal line from the top left
corner of the line immediately following the last entry continuing to the bottom right corner of the
last empty line) to eliminate possible addition after completion.  Any additional issues or
observations that might affect sample analysis will be added in the space provided for comments on
the form.  A copy of the form will be retained by the sampler, and that copy will be faxed to the
laboratory, the Tetra Tech WAL, Field Task Leader, and the QAO documenting the day’s shipments. 
The Tetra Tech QAO or designee will review copies of custody records for appropriateness and for
assessment of any documentation-related deficiencies.  After sufficient sampling has taken place to
ensure adequacy of documentation and record keeping, the QAO will reduce the frequency of daily
reviews to approximately 10 percent of sample shipments.

A Sample Identification Label (to be placed on the sample bottle/container) will be completed to
accompany each sample throughout the chain of custody.  The label will document the project name,
sampling site location, and tracking code.  All entries will be made in indelible ink and will correlate
with the specimen and sample information on the Field Data Record Form. 

Samples will be shipped from the field to the sample analysis laboratory by priority overnight
delivery service.  The Tetra Tech Field Task Leader will retain copies of all shipping airbills. 
Unused sample portions will be retained in the receiving laboratory for a period of at least 45 days
following Tetra Tech’s receipt of the final analysis report. 

The WAL and Task Leaders and the appropriate PMs will maintain files, as appropriate, as
repositories for information and data used in preparing any reports and documents during the project
and will supervise the use of materials in the project files.  The following information will be
included:

      • Any reports and documents prepared.

      • Contract and work assignment information.

      • Project QAPP and SAPs.

      • Results of technical reviews, data quality assessments, and audits.

      • Communications (memoranda; internal notes; telephone conversation records; letters;
meeting minutes; and all written correspondence among the project team personnel,
subcontractors, suppliers, or others).

      • Maps, photographs, and drawings.

      • Studies, reports, documents, and newspaper articles pertaining to the project.
      
      • Special data compilations.
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      • Spreadsheet data files:  physical measurements, analytical chemistry data (hardcopy and
disk).

Copies of the field log books and physical characterization/water quality data sheets and sampling
checklists will be supplied to the Tetra Tech Field Task Leader at the close of each sampling event. 
These data will be used in conjunction with chains of custody, laboratory receipt acknowledgments,
and inspection checklists to compile the sampling event reports.  Formal reports submitted to
USEPA that are generated from the data will be subject to technical and editorial review prior to
submission to USEPA, and will be maintained at Tetra Tech’s Cleveland, Ohio, office in the central
file (disk and hardcopy).  The data reports will include a summary of the types of data collected,
sampling dates, and any problems or anomalies observed during sample collection.  

If any change(s) in this QAPP are required during the study, a memo will be sent to each person on
the distribution list describing the change(s), following approval by the appropriate persons.  The
memos will be attached to the QAPP.  All written records relevant to the sampling and processing of
samples will be maintained at Tetra Tech’s Cleveland office in the central file.  Unless other
arrangements are made, records will be maintained for a maximum of 2 years following project
completion.

7.0 SAMPLING DESIGN

This section describes the strategy and procedures that will be used to collect water quality and other
data to support the development of TMDLs for the Powder River, Tongue River, and Rosebud Creek
TPAs.  Sample collection will be performed primarily by the Helena, Montana, office of Tetra Tech
EMI, with assistance from consultants and subcontractors as necessary.  Sampling will follow the
specifications established specifically and by reference in the SAP.  The SAP was developed
following in-depth document searches and review of available data to define limitations and
deficiencies in the existing data set, and to define the data elements required to complete
characterization and fulfill the requirements for their comprehensive assessment.  Tetra Tech will
conduct sampling events in accordance with the detailed SAP, and comments from USEPA
incorporated into the SAP.  Field blanks will be collected as appropriate for QC purposes;  however,
no field duplicates will be collected per the client’s instructions. 

Samples collected will be grab samples.  They will be collected as rapidly as possible to prevent
passage of time in the field for those samples with short (# 48 hours) holding times.  Samples will be
collected in the appropriate bottles and glassware for shipment to laboratories for analysis.
Measurements that must be taken on-site will be collected using a multimeter probe that has been
precalibrated by the vendor and calibrated daily prior to use for data collection.  The SAP was
prepared to encompass all sampling activities scheduled for this program, and it includes details such
as all appropriate sampling locations, sampling frequencies and parameters for analysis.  

The SAP includes maps that identify the sampling locations, and it lists the analytical parameters to
be requested at each one.
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8.0 SAMPLING METHODS 

Chemical water quality samples will be obtained according to the procedures established in MDEQ
SOP Sections 10 and 11, identified by reference in this QAPP and SAP and included in Appendix B
to this document.  Water flow measurements will be determined in accordance with the procedures
outlined in Section 11 of the referenced SOPs and will be recorded for each sampling station.
Chemical, biological, and physical habitat assessments will be performed at specific locations within
the sampling reach as prescribed in the SAP.  Because habitat assessment is expected to be
conducted by USEPA, it is outside the scope of this document.

Biological samples will be collected in accordance with MDEQ SOPs (Appendix B) and Western
EMAP protocols, identified by reference in this QAPP and the SAP (Appendix A).  To limit seasonal
variability, all periphyton and benthic macroinvertebrate sampling will occur within a restricted time
frame (index period) of late May through early October in accordance with Hannaea’s Periphyton
Collection Procedures (Appendix D).  Preservation and enumeration of the periphyton community
composition samples will also be performed in accordance with the MDEQ Periphyton Collection
Procedures.

Benthic invertebrates from each sample location will be sampled once during the index period in
accordance with Chapter 11 of the Western EMAP (Peck et al., 2000).  A modified D-frame kick net
(500-:M mesh openings) will be used to sample at randomly selected positions (left, center, right)
along transects established within each sampling reach.  Samples from each transect will be
combined into a composite sample for the reach and preserved in ethanol according to the prescribed
procedures.  

9.0 SAMPLE HANDLING AND CUSTODY

Water samples will be collected and placed in the labeled transfer bottles and delivered to the
laboratory as soon as possible following collection.  Table 4 lists the volumes and containers that
will be used to collect samples.  

Table 5 lists the handling requirements for each of the samples collected in the TPAs.  The samples
taken for laboratory analysis will be stored in coolers containing resealable bags of ice.  The
temperature inside the coolers will be checked with a thermometer throughout the holding period. 
The samples that are required to be preserved below a specific pH with sulfuric acid (H2SO4), nitric
acid (HNO3), or hydrochloric acid (HCl) will be checked using pH paper. 

All samples will be transferred to the receiving analytical laboratory using Chain of Custody forms. 
The sample Chain of Custody form (SAP, Appendix A) acts as a record of sample shipment and a
catalog of the contents of each shipment (coinciding with information on the field record), in
addition to maintaining a complete record of evidentiary custody transfer.  It will contain the
following, at a minimum: 

      • Sampler’s name
      • Project name
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Table 4. Laboratory Sample Collection Volumes and Containers for Freshwater Aqueous Samples.

Parameter
Recommended
Sample Volume Sample Bottle

Additional Volume
for QC on 10%

Sample Bottle

TSS 1,000 mL 1-L HDPE 500 mL 500-mL HDPE

Chloride 100 mL 100-mL HDPE 100 mL 100-mL HDPE

TDS 400 mL 500-mL HDPE 200 mL 250-mL HDPE

Total phosphorus 250 mL 250-mL HDPE 100 mL 100-mL HDPE

Orthophosphate 100 mL 100-mL HDPE 100 mL 100-mL HDPE

Ammonia as nitrogen 800 mL 1-L HDPE 800 mL 1-L HDPE

TKN 1,500 mL 2-L HDPE 1,000 mL 1-L HDPE

Nitrate/nitrite 200 mL 250-mL HDPE 200 mL 250-mL HDPE

Sulfate 250 mL 250-mL HPDE 200 mL 250-mL HPDE

Metals, SAR, hardness 1,000 mL 1-L HDPE 1,000 mL 1-L HDPE

Metals, Dissolved
(for laboratory filtration)

1,000 mL 1-L HDPE 1,000 mL 1-L HDPE

Chlorophyll a (reservoir
profiles - euphotic zone
composites)

1,000 mL 1-L amber HDPE
(opaque)

1,000 mL 1-L Amber
HDPE (opaque)

Chlorophyll a (streams) two 50-mL aliquots two, 50-mL HDPE
filtered onto two,
47-mm glass fiber
filters

two, 50-mL aliquots two, 50-mL
HDPE filtered
onto two, 47-
mm glass fiber
filters

HDPE = high density polyethylene;   These are method-recommended containers, the laboratory may recommend shared containers across
parameters.

Table 5. Sample Handling Requirements for Freshwater Aqueous Samples to Be Analyzed by the
Laboratory.

Parameter Max. Holding Time Temperature Preservatives

Total suspended solids (TSS) 7 days cool, 4 °C none

Chloride, sulfate 28 days cool, 4 °C none

Total dissolved solids (TDS) 7 days cool, 4 °C none

Total phosphorus 28 days cool, 4 °C H2SO4 to pH < 2

Soluble reactive phosphate 
(SRP; lab-filtered prior to analysis)

48 hours cool, 4 °C none

Ammonia as nitrogen 28 days cool, 4 °C H2SO4 to pH < 2

Total Kjeldahl nitrogen (TKN) 28 days cool, 4 °C H2SO4 to pH < 2
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Parameter Max. Holding Time Temperature Preservatives

Nitrate/nitrite 28 days cool, 4 °C H2SO4 to pH < 2

Metals, total recoverable 28 days for mercury,
6 months for others

cool, 4 °C HNO3 to pH < 2

Metals, dissolved (lab filtered) filter ASAP;  preserve
6 months for analysis

cool, 4 °C none; on receipt at
lab, filter and
preserve with HNO3
to pH < 2

Chlorophyll a (reservoir) 48 hours to filter.  If
filtered from surface
waters with pH >7,
sample may be kept
frozen for 3 weeks;  if
sample pH <7, process
ASAP

cool, 10 °C, if
unfiltered

none 1 unfiltered

Chlorophyll a (stream samples and
reservoir euphotic zone
composites)

48 hours to filter.  If
filtered from surface
waters with pH >7,
sample may be kept
frozen for 3 weeks; if
sample pH<7, process
ASAP

cool, 10 °C none 1

1 If residual chlorine is present, add approximately 4 mg of sodium thiosulfate (Na2S2O3 A5H2O) per liter of sample to neutralize 1 mg/L residual    
  chlorine.  Add the sodium thiosulfate to the empty sample bottle prior to filling.

      • Page number (e.g., 1 of 1)
      • Sample location (facility name, waste stream, sampling point)
      • Collection date and time
      • Sample number
      • Number of containers
      • Type of analysis required
      • Laboratory recipient signature
      • Laboratory receipt date and time

Immediately following the packing of each shipping container, each container (cooler) will be
secured with packaging tape. 

10.0 ANALYTICAL METHODS

All water sample analyses except the field measurements of flow, temperature, turbidity, DO,
conductivity, salinity, and pH will be completed by fully qualified subcontract laboratories.  The
analytical chemistry methods to be used, as well as the sample volume requirements, detection
limits, and holding times, will be consistent with the laboratory’s QA and QC plans and SOPs
included as  Appendix C to this QAPP.  Temperature, turbidity, DO, conductivity, salinity, and pH
will be measured in accordance with the requirements of the SAP (Appendix A) and the Montana
SOPs (Appendix B).  If necessary, total residual chlorine will be measured by using paper indicator
strips.  It is anticipated that total residual chorine will be screened at each of the sampling sites once
to determine the need for continuing verification throughout the program.



TMDL Planning Areas QAPP Revision No.  0
Date: 27 May 2003
Page 26 of 37

Samples will be shipped to the laboratory daily for processing and analytical testing.  Sample
processing and analytical methods and reporting limit requirements are included in Table 6, and
analytical laboratory SOPs for sample receipt, preparation, and determinitive analysis are included in
Appendix C for each parameter of interest.  

Sample collection and analysis for periphyton and benthic macroinvertebrate taxonomy will be
performed once during the summer in accordance with the SAP (Appendix A) and will use the
collection and analysis techniques described in the SAP and SOPs included in Appendix D.

11.0 QUALITY CONTROL

Data quality is addressed, in part, by consistent performance of valid procedures documented in the
SOPs.  It is enhanced by the training and experience of project staff (Section 5.0) and documentation
of project activities (Section 6.0).  This QAPP, SAPs, and other supporting materials will be
distributed to all sampling personnel.  A QC Officer will ensure that samples are taken according to
the established protocols and that all forms, checklists, and measurements are recorded and
completed correctly during the sampling event.  

To establish the precision, accuracy, and representativeness of data obtained from the sampling
effort, QC samples for laboratory analyses will be collected according to Table 6.  Three types of QA
and QC samples will be analyzed during each sampling event: field blanks, sample QC, and
laboratory QC.   

Field blanks will be collected for all the chemical parameters listed in Tables 2 and 3A in Sections
4.1 and 4.2, respectively, to ensure that no contamination was introduced during sample collection,
preservation, and handling procedures.  They will be collected once during each week long sampling
event.  At the same time samples are collected, field blanks will be prepared by running analyte-free
de-ionized water through the same equipment used to collect samples, collecting the de-ionized
water in the appropriate sample containers, and preserving the de-ionized water with the same
procedures used to preserve samples.  Field blanks will be collected, stored, shipped, and analyzed
with the other samples.  If field blank target analyte concentrations are detected, field blanks will be
examined to determine the source of contamination.  

Analyte concentrations measured in samples collected during the event will be considered valid
when no corresponding field blank analyte concentrations are detected or when the sample analyte
concentrations are at least 10 times the field blank analyte concentrations.  If a field blank analyte
concentration is at least 5 times, but less than 10 times the sample analyte concentration, the
numerical result will be reported as an upper limit of the true analyte concentration by the laboratory. 
If a blank sample analyte concentration is less than 5 times the sample analyte concentration, the
results for that analyte will be considered unacceptable. 
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Table 6. Study Target Analytes and Corresponding Analysis Methods.

USEPA Analysis Method Method Quantitation Limitb

Water
Periphyton

Chlorophyll-a Analytea Water
Periphyton

Chlorophyll-a

160.2 NA TSS 4 mg/L

325.3 NA Chloride 1.0 mg/L

375.2 NA Sulfate 3.0 mg/L

160.1 NA TDS 10 mg/L

365.2 NA Total phosphorus 0.01 mg/L 

365.1 NA SRP 0.003 mg/L 

350.1 NA Ammonia as nitrogen 0.050 mg/L

351.3 NA TKN 0.2 mg/L 

353.2 NA Nitrate plus nitrite (NO3/NO2) 0.010 mg/L

SM2340B NA Hardness  (calculated as CaCO3) 1.0 mg/L 

Metal Analyte :g/L

200.2* / 200.9 NA Arsenic 3.18

200.2* / 200.8 NA Cadmium 0.1

200.7 NA Calcium, magnesium, sodium
(common ions)

500

200.2* / 200.9 NA Chromium 1.0

200.2* / 200.8 NA Copper 1.0

200.2* / 200.7 NA Iron 10

200.2* / 200.9 NA Lead 3

200.2* / 200.7 NA Nickel 20

200.2* / 200.9 NA Selenium 1.0

200.2* / 200.9 NA Silver 3

200.2* / 200.7 NA Zinc 10

SM 10200H SM10200H Chlorophyll - a 0.1 mg/L 0.1 total mg
a Analytes selected for analysis were defined in the SAP (Appendix A)
b  These values are estimates, based on a compilation of laboratory SOPs, PQL, and MDL data, and on the Montana Water Quality Standards
published in the MDEQ Circular WQB-7 dated July 15, 1994.  Note method quantitation limits for sulfate, total phosphorus, and SRP.  Where
possible the laboratory will report to MDL in effort to attain program goals.
200.2* acid digestion for total recoverable metals only.  Dissolved portions will be analyzed without digestion.  All “common ions” analysis will
be performed on dissolved fractions, only.  (Stated reporting limits are for each element, not a combined value.)
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Deviations from the method quality objectives of this study will be noted and brought to the attention
of the appropriate organization’s QAO, manager, or state lead, who will initiate the corrective action
system described in Section 17.0.  However, due to the nature of this study, no provision has been
made for replacing data that has been lost.

Analytical sample QC is required to be collected for 10 percent of the samples for each sampling
event.  The additional volumes collected for analytical QC are used to perform duplicate and spiked
sample analyses or matrix spike and matrix spike duplicate analyses, depending on method
requirements.  For the purpose of this collection, sample QC will be evaluated using the criteria
established in Tables 3A and 3B of this QAPP, and as detailed in the laboratory SOPs included in
Appendix C.  Any results noted as deviating from program or laboratory QC acceptance criteria
require immediate investigation, and thorough documentation as detailed in the assessment and
response actions in Section 17.0 of this QAPP.  Corrective actions may vary widely from
repreparation and reanalysis to direct narrative address to disqualification of sample data for use. 
Under no circumstances will outlying sample or QC results be submitted without detailed
explanation. The WAL should be contacted immediately regarding deviations for which there is not
a suitable analytical corrective action due to holding time or other restrictions, so that recollection
can be requested, if possible.

In addition laboratory QC analyses will be performed concurrent with sample preparation and
analyses.  Laboratory QC includes analysis of appropriate reagent or method blanks for each
analytical method or technique, as well as analysis of laboratory control sample or certified standard
reference materials as appropriate.  Method and reagent blanks should be free from analytes of
interest at levels above the project minimum reporting levels.  The same criteria applied to field
blanks will be applied to laboratory blanks in sample data interpretation for use.  (Analyte
concentrations measured in samples collected during the event will be considered valid when no
corresponding field blank analyte concentrations are detected or when the sample analyte
concentrations are at least 10 times the field blank analyte concentrations.  If a field blank analyte
concentration is at least 5 times, but less than 10 times the sample analyte concentration, the
numerical result will be reported as an upper limit of the true analyte concentration by the laboratory. 
If a blank sample analyte concentration is less than 5 times the sample analyte concentration, the
results for that analyte will be considered unacceptable.) 

Quality control requirements for benthic macroinvertebrate taxonomy include independent specimen 
identifications by a secondary taxonomist.  For the purposes of this program a minimum of one
sample would be recommended for secondary identification such that an estimate of taxonomic
precision could be developed.

Following data entry operations, all spreadsheets will be proofread using the original handwritten
field and laboratory data sheets, where available.  This review will be done by someone other than
the data entry specialist.

Measurement performance criteria for data to be collected during this project are discussed in the
following sections.
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Precision

Precision is a measure of internal method consistency.  It is demonstrated by the degree of mutual
agreement between individual measurements or enumerated values of the same property of a sample,
usually under demonstrated similar conditions.  Precision of sampling methods is estimated by
taking duplicate samples at the same sampling site at approximately 10 percent of the sites, usually
at the final sampling point(s).

This QC calculation also addresses uncertainty due to natural variation and sampling error. 
Precision is calculated from two duplicate samples by relative percent difference (RPD) as follows:

where C1 = the larger of the two values, and  C2 = the smaller of the two values.  If it is to be
calculated from three or more replicate samples (as is often the case of laboratory analytical work),
the relative standard deviation (RSD) will be used and is calculated as 

where s = standard deviation, and X = mean of repeated samples.  

The standard deviation or the standard error of a sample mean(s) is calculated as:

where X1 = measured value of the replicate, X = mean of repeated sample measurements, and n =
number of replicates.  Precision can also be expressed in terms of the range of measurement values. 

For this project no duplicate field samples will be collected to assess sampling precision, but field
blanks will accompany samples to assess potential for contamination in the sample collection
process.  Physicochemical measurements of the stream at each sampling point will also be collected
and the precision of their measurements will be determined. 
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Accuracy

Accuracy is defined as the degree of agreement between an observed value and an accepted
reference or true value.  Accuracy is a combination of random error (precision) and systematic error
(bias), due to sampling and analytical operations.  Bias is the systematic distortion of a measurement
process that causes errors in one direction so that the expected sample measurement is always greater
or lesser to the same degree than the sample’s true value.  USEPA now recommends that the term
accuracy not be used and that precision and bias be used instead (USEPA, 1995).

Since accuracy is the measurement of a parameter and comparison to a “truth,” and the true values of
environmental physicochemical characteristics cannot be known, use of a surrogate is required. 
Accuracy of field measurements will be assumed to be determined through use of precision. 
Accuracy of laboratory chemical measurements will be determined by analysis of matrix spikes and
matrix spike duplicates, laboratory control samples (fortified blanks), and other method-specified
QC samples.  Analyses for specific nutrients and metals will include the use of spiked samples or
certified standard reference materials, where appropriate, to determine percent recovery.  In the
absence of manufacturers’ certified range the recoveries for spiked analytes should not exceed +30
percent of the true values to be acceptable (unbiased).  The accuracy of field equipment for the
measurement of temperature, turbidity, DO, conductivity, salinity, and pH will be determined at a
minimum of two points which span the expected range of values for these parameters.  Instruments
used and procedures for determining accuracy include the following:

Temperature sensors: (Horiba U-10)
The accuracy of temperature sensors used in this project will be checked using a standard
thermometer.

Turbidity: (Horiba U-10)
The accuracy of turbidity sensors used in this project will be checked using the autocal
solution provided by Pine Environmental Services, Inc., which contains a certified 0  NTU
solution.

DO sensors: (Horiba U-10)
The accuracy of DO sensors and methods used in this project will be determined using the
ambient air oxygen concentration, which is approximately 8.5 parts per million, as the
saturation value.  The actual concentration of DO at saturation is determined by measuring
temperature and reading the corresponding concentration from a standard table and by
making the required correction for nonstandard atmospheric pressure conditions.

Conductivity and salinity sensor (Horiba U-10)
The accuracy of the salinity and conductivity sensor used in this project will be checked
using the autocal solution provided by Pine Environmental Services, Inc. The conductivity
sensor is calibrated from the autocal solution, which contains a certified 0.449 :S/cm
solution. The salinity sensor is calibrated from a calculation based on the calibration of the
conductivity sensor of the Horiba U-10. 
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pH sensors (Horiba U-10)
The accuracy of pH sensors used in this project will be checked using the autocal solution
provided by Pine Environmental Services, Inc., which contains a certified pH 4 buffer
solution.

where V = the number of measurements judged valid and T = the total number of measurements.  For
this project, sampling will be considered complete when no less than 90 percent of the samples
collected during a particular sampling event are judged valid.

Comparability

Two data sets are considered to be comparable when there is confidence that the two sets can be
considered equivalent with respect to the measurement of a specific variable or group of variables. 
Comparability is dependent on the proper design of the sampling program and on adherence to
accepted sampling techniques, SOPs, and QA guidelines.

12.0 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

Periodic regular inspection of equipment and instruments is needed to ensure the satisfactory
performance of the systems.  Equipment to be used during the sampling event is listed in the
appropriate SOPs.  Before any piece of sampling or measurement equipment is taken into the field it
will be inspected to ensure that the equipment is appropriate for the task to be performed, all
necessary parts of the equipment are intact, and the equipment is in working order.  In addition, the
equipment will be visually inspected prior to its use.  Broken equipment will be labeled “DO NOT
USE” and returned to the Tetra Tech office to receive necessary repairs, or will be disposed of.
Backup field equipment will be available during all field activities in the event of an equipment
breakdown. 

The objective of preventive maintenance is to ensure the availability and satisfactory performance of
the measurement systems.   All field measurement instruments will receive preventative maintenance
in accordance with the manufacturer’s specifications.  

13.0 INSTRUMENT CALIBRATION AND FREQUENCY

The Horiba U-10 will be used for in-field, instantaneous measurement of temperature, turbidity, DO,
conductivity, salinity, and pH.  In addition, pH paper strips will be used to double-check the
accuracy of the Horiba U-10 pH measurements and to measure the pH of samples during adjustments
for preservation purposes.  The Horiba U-10 is precalibrated upon arrival and has a specially
formulated calibration solution that allows a one-step calibration for all probes.
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The calibration of temperature, turbidity, DO, conductivity/salinity, and pH probes will be checked
prior to and following each sampling event, or as deemed necessary by the multiprobe’s
manufacturer, using the certified standard solution.  Field calibrations will be recorded in the field
sampling log book.   Individual sensors will be considered to be operating correctly if the instrument
reading is within 15 percent of  the calibration standard value. If the two values are not within 15
percent of each other, the probe will be cleaned and recalibrated.  If these two values are still not
within 15 percent of each other following cleaning and recalibration, the probe itself will be
replaced.

14.0 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Supplies and consumables are those items necessary to support the sampling and analytical
operation, including bottleware, calibration solutions, hoses, decontamination supplies,
preservatives, and various types of water (e.g., potable, deionized, organic-free).  Upon delivery of
supplies, Tetra Tech will ensure that types and quantities of supplies received are consistent with
what was ordered, and with what is indicated on the packing list and invoice for the material.  The
supplier will be contacted immediately if any discrepancies are found. 

While preparing for specific sampling events, the field sampling Task Leaders will be responsible for
acquiring and inspecting materials and solutions that will be used for obtaining the samples for field
measurements.  It is anticipated that the laboratory will provide only bottles that have been properly
cleaned, dried, and stored with their caps on.  Prepreserved containers will be labeled with the
preservative used and an identifying lot number indicating the laboratory has certified it for use in
sample collection.  Other materials must also meet specific requirements as indicated by the
appropriate manufacturer; for example, only certified standard solutions will be used for the
multiprobe calibration.  Buffers and standards will be checked for expiration dates and appearance
(correct color).

15.0 NONDIRECT MEASUREMENTS

Comparison of data collected during this field effort to historical data will be used for qualitative
assessment only.  Assessment of applicability for historical data is outside the scope of this
document, and is not addressed any further.  

16.0 DATA MANAGEMENT

Samples will be documented and tracked via Field Data Record forms, Sample Identification Labels,
and Chain of Custody records.  The Field Task Leader will be responsible for ensuring that these
forms are completed and reviewed for correctness and completeness by the designated field QCO. 
Copies of these forms will be maintained by Tetra Tech in the project files.  A sampling report will
be prepared following each sampling event.  Data entered into any spreadsheet or other format will
be manually checked by another person against the original source to ensure accurate data entry.  If
there is any indication that requirements for sample integrity or data quality have not been met (for
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samples or measurements collected by Tetra Tech), the Tetra Tech QAO will be notified
immediately (with an accompanying explanation of the problems encountered).  

Laboratory data will be managed in accordance with established protocols, and will be submitted to
Tetra Tech in hardcopy and in electronic database format as well as scanned data recorded on CD-
ROM.  The electronic data will be submitted in a format to be negotiated with the lab.  At a
minimum, the electronic data files will include the date and time of sample collection, date received,
date of preparation and or analysis, requested parameter, analytical batch ID, results, and data
qualifiers.  Electronic data will be provided for all samples and QC including laboratory blanks,
control samples, and spiked samples analyzed in a format compatible with Montana’s STORET-
indexed surface water quality database.  Hardcopy data packages will be paginated, fully validatable
raw data packages including an analytical narrative with a signed certification of compliance with
this QAPP and all method requirements; copies of Chain of Custody forms; sample inspection
records; laboratory sample and QC results; calibration summaries; example calculations by
parameter; and copies of all sample preparation, analysis, and standards logs adequate to reconstruct
the entire analysis.  The  CD-ROM data will include a full copy of the paginated report scanned and
stored in portable document format (PDF) for potential future submission to the client, if requested,
and for long term storage in the project files.  Initially, the full raw data package will be submitted to
the Tetra Tech QAO for assessment of attainment and compliance with the program goals and
guidance.

All computer files associated with the project will be stored in a project subdirectory by Tetra Tech
(subject to regular system backups) and will be copied to disk for archive for the 5 years subsequent
to project completion (unless otherwise directed by the USEPA WAM).

17.0 ASSESSMENT AND RESPONSE ACTIONS

The QA program under which this work assignment will operate includes performance and system
audits with independent checks of the data obtained from sampling, analysis, and data-gathering
activities.  The QA programs followed by subcontractors will be reviewed by Tetra Tech, Inc., the
prime contractor, to ensure that similar levels of QA/QC are attained.  The essential steps in the QA
program are as follows:

1. Identify and define the problem.
2. Assign responsibility for investigating the problem.
3. Investigate and determine the cause of the problem.
4. Assign and accept responsibility for implementing appropriate corrective action.
5. Establish effectiveness of and implement the corrective action.
6. Verify that the corrective action has eliminated the problem.

Immediate corrective actions form part of normal operating procedures and are noted in records for
the project.  Problems not solved this way require more formalized, long-term corrective action.  In
the event quality problems that require attention are identified, Tetra Tech or the subcontractor will
determine whether attainment of acceptable quality requires either short- or long-term actions.  If a
failure in an analytical system occurs (e.g., performance requirements are not met), the appropriate
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QC Officer or subcontractor QA Coordinator will be responsible for corrective action and will
immediately inform either the WAL or QAO, as appropriate.  The WAL has primary responsibility
for monitoring the activities of this project and identifying/confirming any quality problems.  These
problems will also be brought to the attention of the Tetra Tech QAO, who will initiate the
corrective action system described above, document the nature of the problem, and ensure that the
recommended corrective action is carried out.  The QAO has the authority to stop work on the
project if problems affecting data quality that will require extensive effort to resolve are identified. 
The USEPA WAM will be notified of major corrective actions and stop work orders.

Performance audits are quantitative checks on different segments of project activities; they are most
appropriate for sampling, analysis, and data-processing activities.  Performance audit techniques
include checks on sampling equipment, volume measurements, and the analysis of data quality using
QC and spiked samples.  At this time, no performance or system audits are scheduled or planned for
this collection beyond the initial field audit and ongoing routine document and data audits.  As data
entries, calculations, or other activities are checked, the person performing the check will sign and
date a hard copy of the material or complete a review form, as appropriate, and provide this to the
Tetra Tech WAL for inclusion in the project files. 

System audits are qualitative reviews of project activity to check that the overall quality program is
functioning and that the appropriate QC measures identified in the QAPP are being implemented. 
One internal system audit will be conducted by the Tetra Tech QAO or designee during this study.

18.0 REPORTS TO MANAGEMENT

Upon completion of periodic sampling activities, the Tetra Tech WAL will contact the WAM to
summarize sampling team progress for the preceding week.  Following completion of field sampling,
Tetra Tech will prepare a field sample collection summary (i.e., detailed listing of all sampling
participants, sampling locations, and specimens collected) for review by the WAM as described in
Section 3.0, Task 5. 

Following completion of each of the data quality assessments, the Tetra Tech QAO or designee will
prepare a Data Quality Assessment Report and submit copies to the WAL for inclusion in project
records, and to the WAM, if required.  The data quality assessment will include any required 
qualification of data based on observations, relevant laboratory or field QC analyses, or other
observations which may affect data quality.  The laboratory data can then be incorporated into final
sampling event reports to consolidate the information corresponding to each event.  

When needed, reports will be submitted to the WAL summarizing incidents of technical direction
requests from laboratory or field staff, required corrective actions, and any other issues affecting data
quality or usability.  These observations will be compiled and submitted in interim QA reports where
warranted, in informal file memoranda to the WAL for inclusion in the project files, or for
submission to the agency QAM as required.  These regular QA reports and memoranda, along with
routine data quality assessments performed throughout the data collection, will be the basis of the
final QA report, as required in Task 0 of the Work Assignment.
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19.0 DATA REVIEW, VERIFICATION, AND VALIDATION

Data validation and review services provide a method for determining the usability and limitations of
data, and provide a standardized data quality assessment.  All field record forms and Chain of
Custody forms will be reviewed by the Tetra Tech WAL (assisted by the QAO, as needed) for
completeness and correctness.  Tetra Tech will be responsible for reviewing data entries and
transmittals for completeness and adherence to QA requirements.  Data quality will be assessed by
comparing entered data to original data or by comparing results with the measurement performance
criteria summarized in Section 4.2 to determine whether to accept, reject, or qualify the data. 
Results of the review and validation processes will be reported to the WAM.  Analytical data
provided by the laboratories will be reviewed prior to its release by the Laboratory QAO, and
Laboratory Manager, and will include a certifying statement that the data included have been
reviewed for compliance with the reference methods and this QAPP.  

20.0 VERIFICATION AND VALIDATION METHODS

All Field Data Record forms and Chain of Custody forms will be reviewed by the Tetra Tech WAL. 
The Tetra Tech QAO will review a minimum of 5 percent of the Field Data Record Forms and other
records.  Any discrepancies in the records will be reconciled with the appropriate associated field
personnel and will be reported to the WAM.  Laboratory validation and verification methods are
outside of the scope of this QAPP, however it is anticipated that the laboratory validation and
verification will include an assessment of completeness and method compliance to include
verification of sample calculations, and of any required manual data entry.  The analytical narrative
reports will include discussions of attainment of the program goals as established herein.  The
submission of samples to the sample analysis laboratory will include Chain of Custody forms
documenting sampling time and date.  This information will be checked by the analytical laboratory
to ensure that holding times have not been exceeded.  Violations of holding times will be reported
(by the laboratory) to the Tetra Tech WAL who will consult with the Tetra Tech, USEPA and
MDEQ QA personnel to develop corrective action recommendations, and define any recommended
technical directives.  Finally, the USEPA WAM will be consulted with deficiencies, observations
and findings, as well as with corrective action and technical directive recommendations for
consideration and approval.

21.0 RECONCILIATION WITH USER REQUIREMENTS

As soon as possible following completion of the sample collection and analyses, precision, accuracy,
and completeness measures will be assessed by Tetra Tech and compared with the criteria discussed
in Section 4.0.  This will represent the final determination of whether the data collected are of the
correct type, quantity, and quality to support their intended use for this project.  Any problems
encountered in meeting the performance criteria (or uncertainties and limitations in the use of the
data) will be discussed with the project QA personnel and USEPA WAM, and will be reconciled if
possible.
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All analytical data will undergo an assessment to determine their suitability for use in
characterization of the TPAs and for incorporation with the existing data into models appropriate for
assessment of need and development of TMDLs for the watersheds.  This assessment will be
conducted first by laboratory management and QA staff, and then by the Tetra Tech WAL with the
assistance of the QAO.  Uncertainties and limitations in the use of these data and interpretation of
results will be provided to USEPA, and it is anticipated that data will be qualified, where necessary,
using the conventions outlined in USEPA’s National Functional Guidelines for Inorganic Data
Review.  These conventions afford the capability to flag the data and include an estimation of
potential bias, where appropriate, as well as providing the opportunity for recommendation on the
interpretation of results in the data report. 
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1.0 INTRODUCTION 
 
Stream segments designated as “water quality impaired” or “threatened” are listed on Montana’s 
Section 303(d) list and require the development of Total Maximum Daily Loads (TMDLs).  On 
September 21, 2000, the United States District Court of Montana ordered the U.S. 
Environmental Protection Agency (USEPA) to work with the Montana Department of 
Environmental Quality (MDEQ) to develop and adopt a schedule to develop all necessary 
TMDLs for waters on Montana’s 1996 Section 303(d) list by May 5, 2007. See Friends of the 
Wild Swan, Inc. et al. v. U.S. Environmental Protection Agency, CV 97-35-M-DWM.  In 
accordance with the original schedule, all necessary TMDLs for the Tongue River, Powder 
River, and Rosebud Creek watersheds in Montana were to be completed by December 31, 2006.  
However, the MDEQ has decided to accelerate the schedule for these watersheds to facilitate 
coordination between the TMDL program and ongoing efforts related to the development of 
coal-bed methane (CBM).  The final target date for completion of all necessary TMDLs for these 
watersheds is December 31, 2003.   
 
Comprehensive assessments of all available data for these three watersheds were completed and 
documented in previous reports.  The results indicate that additional data are needed to facilitate 
the completion of the TMDLs for the Tongue River, Powder River, and Rosebud Creek TMDL 
Planning Areas (TPAs).  The Sampling and Analysis Plan (SAP) outlined in this document 
describes a monitoring and sample collection plan to evaluate water quality and beneficial uses 
in the TPAs.  Targeted streams and associated potential causes of impairment are shown in Table 
1-1. 
 
In 2003 extensive monitoring will be conducted in all of the targeted segments to assess the 
chemical, physical, and biological characteristics of these waterbodies and to confirm the need 
for TMDL development.  Information will also be collected to better estimate the loadings from 
the various sources.  Monitoring will occur between March and September.  The information that 
follows in this SAP provides the detail necessary to implement the monitoring plan.  This 
document is organized into three sections: Methods, Stream Monitoring, and Tongue River 
Reservoir (TRR) Monitoring. 
 



Sampling and Analysis Plan 
 
 

Introduction 2 

 Table 1-1.  Evaluated Causes of Impairment in the Tongue River, Powder River, and Rosebud 
Creek TPAs 
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Tongue River Watershed               
Lower Tongue River   x x   x  x x  x x  
Middle Tongue River   x x   x  x x  x x  
Upper Tongue River   x x     x x   x  
Tongue River above the 
Reservoir   x x     x x   x  
Hanging Woman Creek   x x   x  x x  x x  
Otter Creek   x x     x x  x x  
Pumpkin Creek   x      x x   x x 
Tongue River Reservoir X  x  x x   x x  x x  
Powder River Watershed               
Lower Powder River   x x x  x x x x  x x  
Upper Powder River   x x x  x x x x  x x  
Little Powder River   x    x  x x x x x  
Mizpah Creek   x   x x  x x  x x  
Stump Creek   x      x x  x x  
Rosebud Creek Watershed               
Lower Rosebud Creek  x x x x  x  x x  x x  
Middle Rosebud Creek   x x x  x  x x  x x  
Upper Rosebud Creek   x x x  x  x x  x x  
DO = Dissolved Oxygen, SAR = sodium adsorption ratio, TDS = total dissolved solids 
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2.0 METHODS 
 
This SAP contains information necessary to understand what, where, when, and how data will be 
collected for the monitoring events described herein.  The guidance documents cited below 
describe the methods necessary to complete the monitoring outlined in this SAP.  These 
documents include: 
 

• Montana Water Quality Monitoring Standard Operating Procedures (SOP) (available at 
http://www.deq.state.mt.us/ppa/mdm/SOP/sop.asp), specifically the following sections: 

o 10.0 –  Sample Collection 
o 11.0 –  Methods for Collecting, Analyzing, and Reporting Water Quality and   

 Sediment Chemical Data 
o 12.0 –  Methods of Assessing the Biological Integrity of Surface and 

 Groundwater 
o 13.0 –  Methods for Assessing the General Health and Physical Integrity of 

 Surface Waters.   
• Stream Channel Reference Sites: An Illustrated Guide to Field Technique (U.S. Forest 

Service) (available at http://www.stream.fs.fed.us/publications/documentsstream.html). 
• USEPA’s Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: 

Periphyton, Benthic Macroinvertebrates, and Fish (Second Edition) (USEPA, 1999). 
 
Monitoring in the Tongue River, Powder River, and Rosebud Creek watersheds will follow the 
guidance provided in these documents.  Monitoring is expected to include the following 
components: 
 

• Water quality monitoring:  synoptic, low-flow, and storm event monitoring 
• In situ monitoring 
• Biological surveys:  benthic macroinvertebrates and periphyton 
• Physical surveys:  habitat quality assessments and hydrologic assessments 
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3.0 STREAM MONITORING 
 
The sections below describe the SAP for streams in the Powder River, Rosebud Creek, and 
Tongue River watersheds.  The sections are organized by parameter.  In general, additional 
chemical, biological, and physical data are needed to address data gaps and sources, and to 
facilitate watershed modeling.   In some cases additional data are not required because sufficient 
data have already been collected, or will be collected by other agencies in 2003 (see the Tongue 
River, Powder River, and Rosebud Creek TMDL Status Reports).  The recommended monitoring 
stations and the associated monitoring efforts are summarized in Appendix A (Table A-1).  A 
time line for the 2003 monitoring plan is also included in Appendix A (Table A-3). 
 
3.1 Monitoring Locations 
 
All monitoring locations were selected based on current understanding of the sites using 
available physical information from various maps and geographic information system (GIS) data.  
Preliminary monitoring station selections were made on the basis of historical data on water 
quality, the nature of land use in the vicinity, and apparent accessibility.  Table 3-1 summarizes 
the monitoring stations for the 2003 sampling program.  The locations of each station are shown 
in Appendix B.  Water quality, in situ monitoring, and flow monitoring stations are point 
locations where monitoring activities will be conducted at a specified location. Supplemental 
physical and biological characterizations will be conducted at identified locations, and specific 
lengths of stream will be associated with these assessments.  However, because the length of 
stream is dependent on stream width, actual reach lengths cannot be reported at this time. 
 
The U.S. Geological Survey (USGS) will also monitor several sites in the Tongue River, Powder 
River, and Rosebud Creek in 2003 (Table A-2).  In addition to grab samples, discharge, 
precipitation, temperature, and salinity are monitored by USGS at several real-time continuous 
monitoring sites.  The type and amount of sampling varies from one USGS station to another, 
and some supplemental sampling will occur at several sites to fill identified data gaps.  A 
summary of the USGS monitoring sites is included in Appendix A, and the sites are shown in the 
maps in Appendix B.   
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3.2 Water Chemistry 
 
Monitoring and sample collection activities in the Tongue River, Powder River, and Rosebud 
Creek watersheds are anticipated to extend over at least 7 months.  Monitoring over this time 
span allows for collection of data that encompasses temporal changes that may occur in the 
segments of interest.  Monitoring during this interval will capture spring snowmelt, summer 
withdrawals, and evaporation.  The timing of sampling efforts will be based on the following 
factors: (1) flow conditions, (2) weather conditions, (3) logistical considerations, and  
(4) sufficient temporal spacing of sampling.  MDEQ protocols will be used for all water 
chemistry sampling events, and data will be recorded and submitted to MDEQ using the Site 
Visit Forms included in Appendix C. 
 
Quality assurance and quality control (QA/QC) procedures for water chemistry samples at all 
sites will include the following: 
 

• 10 percent of the samples will be field blanks 
• Daily calibration of flow meters and multimeters 
• Chain of custody forms (Appendix C) 

 
3.2.1  Salinity and SAR 
 
3.2.1.1 Data Gaps 
 
Additional data are needed to determine whether beneficial uses in the Tongue River, Powder 
River, and Rosebud Creek watersheds are impaired because of salinity or sodium adsorption 
ratio (SAR).  There are few recent data for several of the Section 303(d)-listed segments, and 
monitoring will fill any data gaps.  Routine, synoptic water quality monitoring will include 
regularly scheduled grab samples to determine the following parameters: 
 

• Field parameters:  Water temperature, electrical conductivity (EC), and flow. 
• Laboratory parameters –  Total dissolved solids (TDS, including calcium, chloride, 

magnesium, sodium, and sulfate), and SAR (calculated). 
 
Grab samples will be obtained once per month from April through September at the stations 
shown in Table 3-2.  EC data will be obtained during every site visit at every station in the 
monitoring schedule (see Table 3-1) using a multimeter field unit (see Section 3.2.6).  USGS will 
also monitor several sites for salinity, TDS, and SAR in the Tongue River, Powder River, and 
Rosebud Creek (see Table A-3 in Appendix A).  These data, along with continuous EC sampling 
at stations 06324500 (Powder River at Moorhead), 06306300 (Tongue River at the state border), 
and 06307830 (Tongue River near Ashland), will complement the 2003 sampling program.    
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Table 3-2.  Monitoring Stations for the 2003 Salinity, TDS, and SAR Sampling Program 
Site ID Site Type Description Latitude Longitude
06307600 Historic Hanging Woman Creek near Birney, MT 45°17'57" 106°30'28"
06307570 Historic Hanging Woman Creek below Horse Creek near 

Birney, MT 
45°08'02" 106°29'00"

06307740 Historic Otter Creek at Ashland, MT 45°35'18" 106°15'17"
451732106085001 Historic Otter Creek below Taylor Creek near Otter, MT 45°17'32" 106°08'50"
Pumpkin1 New Pumpkin Creek near the mouth at the Tongue 

River 12-Mile Dam fishing access 
46°14'49" 105°44'54"

06326300 Historic Mizpah Creek near Mizpah, MT 46°15’39” 105°17’36”
Stump1 New Stump Creek near the mouth 45°47'08" 105°03'08"
06307500 Current (flow) Tongue River at the TRR Dam near Decker, MT 45°08'29" 106°46'15"
06295250 Historic Rosebud Creek near Colstrip, MT 45°46’03” 106°34’10”
06295110 Historic Rosebud Creek at Kirby, MT 45°19'59" 106°59'10"
TBD = To be determined. 
 
 
3.2.1.2 Source Assessment 
 
There is not a good understanding of the sources of salinity and SAR in the Tongue River, 
Powder River, and Rosebud Creek watersheds.  A multiyear study will be needed to fully 
determine contributions from various sources, including the extent and contribution from 
irrigation under various conditions (rainfall, soil type, crop type).  The different stages of the 
multiyear study are outlined below. 
 

• Conduct a land use analysis to determine the extent of irrigated land and the amount of 
irrigated water used. 

 
• Contact landowners and local Conservation Districts to determine the extent and type of 

irrigated land. 
 

• Contact state and local experts about irrigation as a source of salinity. 
 
• Identify sources using state and local contacts, GIS, and field surveys. 
 
• Field verify irrigated land information. 
 
• Monitor irrigation returns and segments of the river affected by irrigation. 

 
Because TMDL development efforts cannot wait for the results of the multiyear study, interim 
steps will be taken during the summer of 2003 to assess the sources of salinity and SAR.  
Continuous monitoring will be established at one or two irrigation returns and upstream and 
downstream of one or two agricultural areas.  USEPA and MDEQ will coordinate with local 
landowners to obtain permission and landowner cooperation.  A multimeter, such as a YSI or 
Horiba unit, will be installed and used to obtain continuous EC and temperature samples at small 
specified intervals (e.g., hourly).  Local precipitation at or near the gages will be checked daily in 
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conjunction with this study, and irrigation practices and returns will be documented by the 
landowner.  Field surveys of irrigation practices and irrigation returns will be conducted 
throughout all three watersheds in conjunction with the stream sampling plan.  Components of 
the field surveys are shown below. 
 

• Use the Natural Resources Conservation Service (NRCS) Phase I and II Stream Corridor 
Assessment reports to obtain an understanding of irrigation returns and land use (NRCS, 
2001a, 2001b, 2002a, 2002b). 

• Verify irrigation returns and estimate or measure flows where feasible. 

• Locate, identify, and measure major irrigation returns in all three watersheds. 

• Document the type and extent of irrigation practices throughout the watersheds (flood 
irrigation versus sprinkler irrigation). 

 
Given the time needed to find interested landowners and select sites, it is anticipated that this 
study component will not be conducted until 2004.    
 
3.2.2 Total Suspended Solids/Sediment 
 
Additional data are needed to determine if beneficial uses in the Tongue River, Powder River, 
and Rosebud Creek watersheds are impaired because of total suspended solids (TSS).  There are 
few recent data for several of the Section 303(d)-listed segments, and monitoring will fill the 
identified data gaps.  Routine, synoptic water quality monitoring will include regularly scheduled 
grab samples to determine the following parameters: 
 

• Field parameters:   flow, turbidity, and pebble counts 
• Laboratory parameters –  TSS 

 
Grab samples will be obtained once per month from April through September at the stations 
shown in Table 3-3.  Sufficient data are available for other segments listed for TSS. 
 

Table 3-3.  Monitoring Stations for the 2003 TSS Sampling Program. 
Site ID Site Type Description Latitude Longitude
06307600 Historic Hanging Woman Creek near Birney, MT 45°17'57" 106°30'28"
06307740 Historic Otter Creek at Ashland, MT 45°35'18" 106°15'17"
451732106085001 Historic Otter Creek below Taylor Creek near Otter, MT 45°17'32" 106°08'50"
Pumpkin1 New Pumpkin Creek near the mouth at the Tongue 

River 12-Mile Dam fishing access 
46°14'49" 105°44'54"

0626300 Historic Mizpah Creek near Mizpah, MT 46°15'39" 105°17'36"
Stump1 New Stump Creek near the mouth 45°47'08" 105°03'08"
06307500 Current (Flow) Tongue River at the TRR Dam near Decker, MT 45°08'29" 106°46'15"
06307610 Historic Tongue River below Hanging Woman Creek 

near Birney, MT 
45°20'19" 106°31'28"

06295250 Historic Rosebud Creek near Colstrip, MT 45°46'03" 106°34'10"
06295110 Historic Rosebud Creek at Kirby, MT 45°19'59" 106°59'10"
TBD = To be determined.
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3.2.3 Temperature 
 
Pumpkin Creek was listed for thermal modifications in 1996.  A continuous temperature data 
logger will be installed in two segments of Pumpkin Creek to help characterize the water 
temperature of Pumpkin Creek on a daily basis.  One data logger will be installed in a segment of 
the stream near the mouth with poor riparian characteristics (e.g., sparse woody vegetation) 
(Pumpkin1).  A second data logger will be installed in an upstream segment of the river with 
good riparian conditions, approximately 1.6 miles upstream of the mouth (Pumpkin2).  
Temperature data loggers will also be installed in both Otter Creek and Hanging Woman Creek 
(Table 3-4).   
 
Temperature data loggers will be encased in PVC pipe and installed in the stream segments in 
April 2003.  The USGS maintains a continuous temperature data logger at the Tongue River near 
the mouth at Miles City, MT (06308500).   
 

Table 3-4.  Monitoring Stations for the 2003 Temperature Sampling Program 
Site ID Site Type Description Latitude Longitude 
06307740 Historic Otter Creek at Ashland, MT 45°35'18" 106°15'17"
4517321060850001 Historic Otter Creek below Taylor Creek near Otter, MT 45°17'32" 106°08'50"
Pumpkin1 New Pumpkin Creek near the mouth at the Tongue 

River 12-Mile Dam fishing access 
46°14'49" 105°44'54"

Pumpkin2 New Pumpkin Creek approx. 1.6 miles upstream from 
the mouth 

46°14'14" 105°42'53"

06307600 Historic Hanging Woman Creek near Birney, MT 45°17'57" 106°30'28"
06307570 Historic Hanging Woman Creek below Horse Creek near 

Birney, MT 
45°08'02" 106°29'00"

TBD – To be determined. 
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3.2.4 Metals 
 
3.2.4.1 Data Gaps 
 
Additional data are needed to determine if beneficial uses in the Tongue River, Powder River, 
and Rosebud Creek watersheds are impaired because of metals.  There are few recent data for 
several of the Section 303(d)-listed segments, and monitoring will fill the identified data gaps.  
Routine, synoptic water quality monitoring will include regularly scheduled grab samples to 
determine the following parameters: 
 

• Field parameter: Flow and pH. 
• Laboratory parameters:  Hardness; water column total recoverable (TR) and dissolved 

samples of arsenic, cadmium, chromium, copper, iron, lead, nickel, selenium, silver, and 
zinc; and sediment sampling. 

 
Grab samples for water column metals will be obtained once per month from April through 
September at the stations shown in Table 3-5.  Sediment samples will be obtained one time 
during the 2003 sampling period. 
 

Table 3-5.  Monitoring Stations for the 2003 Metals Sampling Program 
Site ID Site Type Description Latitude Longitude
06307600 Historic Hanging Woman Creek near Birney, MT 45°17'57" 106°30'28"
06307740 Historic Otter Creek at Ashland, MT 45°35'18" 106°15'17"
Pumpkin1 New Pumpkin Creek near the mouth at the Tongue River 12-Mile 

Dam fishing access 
46°14'49" 105°44'54"

06307610 Historic Tongue River below Hanging Woman Creek near Birney, MT 45°20'19" 106°31'28"
06295110 Historic Rosebud Creek at Kirby, MT 45°19'59" 106°59'10"
06295250 Historic Rosebud Creek near Colstrip, MT 45°46'03" 106°34'10"
TBD = To be determined. 
NA = Not available. 
 
  
3.2.4.2 Source Assessment 
 
There is not a good understanding of the sources of metals in the Tongue River, Powder River, 
and Rosebud Creek watersheds.  The locations of some potential sources of metals, such as 
current and abandoned mines, and oil and gas wells, are well documented throughout the 
watershed.  However, whether these potential sources are contributing significant loads of metals 
is uncertain.  In 2003 major potential sources of metals will be evaluated using GIS, and state 
and local data.  Monitoring will occur upstream and downstream of two to four potential sources 
of metals.  Grab samples will be obtained once per month for the suite of metals described in 
Section 3.2.4.1. 
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3.2.5 Nutrients 
 
3.2.5.1 Chemistry 
 
Additional data are needed to determine if beneficial uses in the Powder River, Tongue River,  
and Rosebud Creek are impaired because of nutrients.  There are few recent data for the Powder 
River and Rosebud Creek, and monitoring will fill the identified data gaps.  Routine, synoptic 
water quality monitoring will include regularly scheduled grab samples to determine the 
following parameters: 
 

• Field parameters: Temperature, flow, and dissolved oxygen (DO). 
• Laboratory parameters:  Total phosphorus (TP), soluble reactive phosphorus (SRP), 

nitrate plus nitrite (NO2+NO3), total Kjeldhal nitrogen (TKN), chlorophyll-a, and total 
nitrogen (TN, calculated from TKN and NO2+NO3). 

 
Grab samples will be obtained once per month from April through September at the stations 
shown in Table 3-6.  Nutrient and DO sampling will also occur to complement biological 
monitoring (see Section 3.3).   
 

Table 3-6.  Monitoring Stations for the 2003 Nutrient and DO Sampling Program 
Site ID Site Type Description Latitude Longitude
06326520 Historic Powder River at the mouth near Terry, MT 46°44'15" 105°25'43"
06326000 Historic Powder River near Mizpah, MT 46°15'00" 105°16'00"
06325650 Historic Powder River near Powderville, MT 45°45'08" 105°05'15"
06324710 Historic Powder River at Broadus, MT 45°25'37" 105°24'05"
06326300 Historic Mizpah Creek near Mizpah, MT 46°15'39" 105°17'36"
06307500 Current (Flow) Tongue River at the TRR Dam near Decker, MT 45°08'29" 106°46'15"
06307600 Historic Hanging Woman Creek near Birney, MT 45°17'57" 106°30'28"
06307740 Historic Otter Creek at Ashland, MT 45°35'18" 106°15'17"
Pumpkin1 New Pumpkin Creek near the mouth at the Tongue 

River 12-Mile Dam fishing access 
46°14'49" 105°44'54"

06296003 Current (Flow) Rosebud Creek at the mouth near Kirby, MT 46°15'53" 106°28'30"
06295250 Historic Rosebud Creek near Colstrip, MT 45°46'03" 106°34'10"
06295110 Historic Rosebud Creek at Kirby, MT 45°19'59" 106°59'10"
NA = Not available. 
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3.2.5.2 Source Assessment 
 
There is not a good understanding of the sources of nutrients in the Powder River and Rosebud 
Creek.  Sources will be identified through a field survey, GIS analysis, and state and local 
contacts.  The source assessment for nutrients is outlined below. 
 

• Identify the type and extent of agricultural practices throughout the Rosebud Creek and 
Powder River watersheds.  This will be done in conjunction with the salinity source 
assessment analysis described in Section 3.2.2. 

• Contact landowners about fertilizer use, application rates, and practices. 
• Locate and define global positioning system (GPS) coordinates for point sources such as 

fisheries and wastewater treatment plants. 
• Locate and define GPS coordinates for animal feeding operations (AFOs) and identify the 

type of facility. 
 
The nutrient source assessment will begin in the summer of 2003 and will continue as part of the 
phased TMDL approach for nutrients in the Powder River and Rosebud Creek. 
 
3.2.6 Multimeter Parameters 
  
Measurements from a portable multimeter unit will be obtained at each site during the 2003 
sampling program.  EC, temperature, DO, and pH measurements will be obtained during each 
sampling event to complement the grab samples, and biological and physical monitoring.  The 
multimeter will be calibrated daily according to the specifications of the unit. 
 
 
3.3 Biology 
 
Biological data can help determine aquatic life impairments in a river.  If impairments are found, 
specific indicator species can point to the suspected causes of impairment.  Biological surveys 
will include periphyton and benthic macroinvertebrate sampling in accordance with USEPA’s 
Environmental Monitoring and Assessment Program (EMAP) protocols (EMAP 2002).  Surveys 
will be conducted at the monitoring locations identified in Table 3-7 because there is a lack of 
current biological data for these streams.  Biological data has been collected at several other sites 
throughout all three watersheds, and available data are summarized in the TMDL Status Reports.   
 
Sampling will occur once at each station in June 2003.  Biological data will be collected in a 
reach defined as approximately 40 times the average width of the river, but not less than 150 
meters and no greater than 500 meters.  Reaches defined for biological sampling will be at or 
near current water quality monitoring stations.  Temperature, flow, EC, DO, and pH will be 
sampled with a multimeter at the time of all biological sampling.   
 
In addition to the biological sampling, monthly water chemistry samples will be collected at the 
biological monitoring sites.  Data will be collected so that the results from the biological 
sampling can be correlated to instream water concentrations of metals, nutrients, DO, and 
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suspended solids.  Routine, synoptic water quality monitoring will include regularly scheduled 
grab samples to determine the following parameters: 
 

• Field parameters:  Temperature, flow, DO, pH, salinity, and EC. 
• Laboratory parameters:  nutrients (total phosphorus), SRP, N02+N03, TKN, TN 

(calculated); hardness (calculated); water column total recoverable (TR) and dissolved 
samples of arsenic, cadmium, chromium, copper, iron, lead, nickel, selenium, silver, and 
zinc; and TSS.  

•  
Grab samples will be obtained once per month from April through September at the stations 
shown in Table 3-7. 
 

Table 3-7.  Monitoring Stations for the 2003 Biological Sampling Program 
Site ID Site Type Description Lat Long 

06307600 Historic Hanging Woman Creek near Birney, MT 45°17'57" 106°30'28"
06307740 Historic Otter Creek at Ashland, MT 45°35'18" 106°15'17"
Pumpkin1 New Pumpkin Creek near the mouth at the Tongue River 

12-Mile Dam fishing access 
46°14'49" 105°44'54"

06325550 Current Little Powder River at the mouth near Broadus, MT 45°27'39" 105°19'39"

 
 
3.3.1 Macroinvertebrates 
 
Benthic macroinvertebrate sampling will be conducted at the stations shown in Table 3-7 in 
accordance with EMAP SOP.  Sampling will be coordinated to avoid periods of extremely high 
flow which can be unsafe and potentially disruptive to a macroinvertebrate system.  Additional 
guidance from the EMAP SOP is shown below.  The procedures for reach-wide, wadable, low- 
gradient streams will be followed.  Samples will be collected at each of the 11 cross-section 
transects established.  A habitat assessment will also be conducted at the time of sampling using 
the Montana Habitat Assessment Field Data Sheet. 
 

A kick net sample is collected at each of eleven cross-section transects 
(established after the site is selected). Care should be taken to sample from a 
riffle that is as typical as possible for the stream type especially when it is not 
possible to use locally-generated reference data.  It is best to avoid sampling near 
bridges, or crossings unless the purpose of the study is to examine the effects of 
these on the stream. There is evidence that the presence of lakes or impoundments 
on streams and rivers affects benthic invertebrate community composition; 
therefore sampling sites should be located as far from these as is practical. 
Sampling bedrock or large-boulder dominated riffles is best avoided, if practical. 

 
Data analysis will use provisional criteria established by MDEQ and draft metrics developed by 
Montana State University. 
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3.3.2 Periphyton 
 
Periphyton sampling will be conducted at the stations shown in Table 3-7 in accordance with 
EMAP SOP.  Sampling will be coordinated to avoid periods of extremely high flow which can 
be unsafe and potentially disruptive to a periphyton system.  Additional guidance from the 
EMAP SOP is shown below.   The procedures for wadable, low gradient streams will be 
followed.  Sites will be located at or near the macroinvertebrate and water chemistry sampling 
sites.   
 

Although stream periphyton may be assessed anytime of the year, the 
recommended time is summer (June 21 to September 21). This is a time of stable 
flows and peak periphyton diversity and standing crop in most Montana streams.  
Summer is also the season most amenable for field work in Montana and the 
season during which most reference data have been collected.  High flows and 
turbid waters should be avoided because they limit access to and obscure 
visibility of the stream bottom. Assessments should be delayed for at least two 
weeks following high, bottom-scouring streamflows to allow for recolonization by 
algae and succession to a mature periphyton community. It may be necessary to 
sample outside the summer period to coincide with flows in ephemeral or 
dewatered streams, or to track seasonal changes in the biointegrity. When 
monitoring for trends from year to year, minimize the between-year variance by 
performing the assessments on or about the same date each year. 

 
3.4 Weather 
 
Records from the nearest weather stations will be used to monitor local weather for the 
watersheds of interest.  If a local weather station that can provide the appropriate information is 
not found, then an optional weather station capable of logging parameters such as temperature, 
barometric pressures, wind speed, precipitation, dew point, or solar radiation may be deployed.  
Precipitation data is available from USGS gages 06326500 (Powder River at Locate, MT) and 
06308500 (Tongue River at Miles City, MT). 
 
3.5 Flow 
 
Instantaneous flows will be obtained during all sampling events with a Marsh-McBirney flow 
meter.  Up to 20 cross-sectional measurements will be made at each site to ensure accurate flow 
readings with the meter.  Standard calibration procedures for the meter will be followed each 
day.  Some monitoring events will occur at USGS instantaneous flow gages (see Table A-3 in 
Appendix A).  If possible, instantaneous flows will be obtained from the gage, real-time Internet 
data, or by contacting USGS personnel.   
 
3.6 Physical Sampling 
 
NRCS has completed extensive physical stream corridor assessments for the Tongue River and 
Powder River (NRCS, 2001a, 2001b, 2002a, 2002b).  Additional physical stream data may be 
collected in the Tongue River and Powder River watersheds as part of the 2003 sampling 
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program.  Physical stream data is currently not available for Rosebud Creek, and data will be 
collected in 2003 to fill any data gaps.  The methodology for the 2003 physical sampling is 
shown below. 
 
Physical surveys will include assessments of the instream habitat quality, near stream riparian 
habitat quality, and stream discharge.  Stream discharge measurements will be conducted at all of 
the synoptic water quality sampling locations.  Transects for the assessment will be established at 
evenly spaced intervals over the length of the reach (40 times the stream width) for up to five 
transects per reach.  Additional detail on establishing a reach as well as the number and spacing 
of transects is provided in Stream Channel Reference Sites: An Illustrated Guide to Field 
Technique (USFS, 1994).   The physical habitat quality assessment combines measurement data 
with professional judgments and ocular estimates of different characteristics of the channel; its 
morphology, hydrology, substrate types and distributions; bank conditions, cover conditions, and 
riparian qualities among other features.  To complete this assessment, the following data will be 
collected: 
 

• Measurements of stream width, depth, erosion potential, bank slope, bank stability, 
canopy cover, habitat types, substrate dominance and types, upper bank vegetation buffer 
width, and instream cover types. 

 
• Primary attributes:  habitat types, number of riffles, pool-to-riffle ratios, dominant 

substrate type (d50), percent gravel or larger particles, algae/macrophytes, instream cover 
types, and percent instream cover. 

 
• Secondary attributes:  stream bends, channel obstructions/modifications, channel flow 

status, stream width, stream depths, and velocity. 
 

• Tertiary attributes:  riparian zone, natural vegetative buffer, aesthetics, percent riparian 
vegetation, bank slope, bank erosion, tree canopy, dominant vegetation, and width of 
buffer. 

 
Because of the nature of the survey, physical surveys will be conducted where there is landowner 
permission and reasonable access. 
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4.0 TONGUE RIVER RESERVOIR MONITORING 
 
Additional data are needed to determine whether beneficial uses in the Tongue River Reservoir 
are impaired because of nutrients, organic enrichment, low DO, algal growth/chlorophyll-a, and 
TSS.  Monitoring in the reservoir will be conducted in 2003 from April (lake thaw) to September 
(lake freeze).  New and current USGS sampling sites will used to monitor the reservoir, these 
include: 
 

• Tongue River inflow:  USGS station 06306300 (Tongue River at the WY-MT state line). 
• TRReservoir outflow:  USGS station 06307500 (Tongue River at the Tongue River Dam 

near Decker, MT). 
• TRR:  riverine zone. 
• RR:  transition zone. 
• TRR:  lacustrine zone. 

 
Routine, synoptic water quality monitoring at the Tongue River inflow and outflow sites will 
include regularly scheduled grab samples for the parameters shown below.  Grab samples will be 
obtained once per month at the inflow and outflow stations. 
 

• Field parameters: Temperature, DO, pH, and EC. 
• Laboratory parameters:   TP, SRP, NO2+NO3, TKN, TN (calculated), ammonia, 

chlorophyll-a, and TSS. 
 
Reservoir sampling will include water column profiles and grab samples at various depths at all 
three stations.  The sampling plan is outlined below.  Samples will be obtained once per month, 
and three different depths will be obtained at each site.  The depth of each sample will depend on 
lake stratification conditions at the time of sampling.   
 

• Water column profiles (surface sample and then one meter intervals):  Temperature, DO,  
pH, and EC.   

• Water column grab samples (one meter below the surface, midpoint, and one meter from 
the bottom) – TO, SRP, ammonia, NO2+NO3, TKN, TN (calculated), and TSS. 

• Secchi disk depth at all three stations. 
• Composite sample of chlorophyll-a in the euphotic zone at all three stations. 
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5.0 EQUIPMENT 
 
Equipment potentially needed for all data gathering efforts is listed in Tables 5-1 through 5-7.   
 

Table 5-1.  General Items 
 
QTY 

 
ITEM 

 
10 

 
Soft (#2) lead pencils 

 
10 

 
Fine-tip indelible markers 

 
2 

 
Packages clear tape strips 

 
1 

 
Rolls plastic electrical tape/duct tape 

 
1 

 
Pocket knife, with at least two blades 

 
1 

 
Scissors 

 
1 

 
Pocket-sized field notebook (optional) 

 
1 

 
Package Kim wipes in small self-sealing plastic bag 

 
1 

 
Copy Field operations and methods manual 

 
1 

 
Map with AX-site@ marked 

 
1 

 
Field notebook 

 
2 

 
Clipboards 

 
2 

 
Boxes rubber gloves 

 
10 

 
Shipping airbills and adhesive plastic sleeves 

 
 
 
 
 
 
 
 



                                   Sampling and Analysis Plan 

Tongue River Reservoir Monitoring 18 

Table 5-2.  Water Chemistry/Monthly Sampling Supplies 
 
Qty/site 

 
ITEM 

 
1 

 
Cooler for transporting samples 

 
--- 

 
Bags of ice 

 
2 

 
Safety glasses 

 
1 

 
Sample containers (supplied by lab) 

 
1 

 
Sample preservatives (supplied by lab) 

 
1 

 
Clear tape strip for covering label 

 
1 

 
GPS receiver and operating manual (set to NAD 27; measure in decimal degrees) 

 
4 

 
Extra batteries for GPS 

 
1 

 
Digital camera 

 
1 

 
Horiba meter (for measuring DO, EC, temperature, pH) 

 
1 

 
DO repair kit (membranes, filling solution) 

 
2 

 
Rinse bottles 

 
1 

 
Acid waste container labeled Awaste@ for disposing of preservatives 

 
1 

 
Carboy of deionized water 

 
1 

 
500-mL bottle of ph calibration solutions (2 point calibration) 

 
1 

 
500-mL bottle of conductivity calibration solution 

 
1 

 
Site visit form to record results 

 
1 

 
Sheet of site visit codes (supplied by MDEQ) 

 
1 

 
Velocity meter (Marsh Mc-Birney Model 201) with operating manual 

 
1 

 
Top-set wading rod (metric scale) for use with meter 

 
2 

 
Pieces of rebar to attach measuring tape  

 
2 

 
Measuring tapes in meters and inches, 200m and 100m long 

 
1 

 
Discharge form (supplied by MDEQ) 

 
1 

 
Datalogger (Hobo) 

 
1 

 
Stabilizing device (concrete, rebar) 

 
1 

 
Items to download from recorder 

 
1 

 
PVC to protect datalogger 
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Table 5-3.  Equipment for Lake Sampling 
 
QTY 

 
ITEM 

 
1 

 
Boat 

 
1 

 
Depth Finder 

 
1 

 
GPS Unit 

 
4 

 
Spare batteries for the GPS 

 
1 

 
Gloves 

 
1 

 
Cubitainer, 4-L (1 per site) 

 
 

 
Ice in self-contained bags 

 
1 

 
Cooler to store samples 

 
1 

 
Van Dorn with 25-foot line and messenger 

 
1 

 
1-L wash bottle (with deionized water) 

 
1 

 
Horiba meter with 25-foot cord 

 
1 

 
Lake sample form per site 

 
1 

 
Chlorophyll box: 

 
1 

 
   Filter apparatus with filter installed 

 
1 

 
   Hand pump with tubing 

 
1 

 
   Box of filters (Whatman GFF) in self-sealing plastic bag 

 
1 

 
   Forceps in bag with filters 

 
1 

 
   Graduated cylinder (100 mL) 

 
1 

 
   Graduated cylinder (250 mL) 

 
1 

 
   Squares of foil in plastic bag 

 
1 

 
Secchi disk 
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Table 5-4.  Equipment and Supplies for Periphyton Sampling 
 
QTY 

 
ITEM 

 
1 

 
Large funnel (15-20 cm diameter) 

 
1 

 
12-cm2 area delimiter (3.8 cm diameter PVC pipe, 3 cm tall) 

 
1 

 
Stiff-bristle toothbrush with handle bent at 90o angle 

 
1 

 
1-L wash bottle labeled ASTREAM WATER@ 

 
1 

 
 1-L wash bottle labeled for and containing deionized water 

 
1 

 
500-mL plastic bottle (with volume markings) for composite index samples, 
labeled APERIPHYTON COMPOSITE SAMPLE@ 

 
1 

 
35-60 mL catheter-tipped plastic syringe 

 
4 

 
50-mL screw-top centrifuge tubes 

 
1 

 
Box glass-fiber filters for chlorophyll and biomass samples 

 
1 

 
Pair forceps for filter handling 

 
1 

 
25-mL or 50-mL graduated cylinder 

 
1 

 
Filtration unit, including filter funnel, cap, filter holder, and receiving chamber 

 
1 

 
Hand-operated vacuum pump and clear plastic tubing 

 
1 

 
Small lightproof plastic bags for storing chlorophyll and biomass samples 

 
2 

 
Self-sealing plastic bags for chlorophyll and biomass samples 

 
 

 
4 mL 10% formalin or Lugols solution for ID/enumeration samples 

 
1 

 
Small syringe or bulb pipette for dispensing formalin 

 
1 

 
Pair chemical-resistant gloves for handling formalin 

 
1 

 
Pair safety glasses for use when handling formalin 

 
2 

 
Sets sample labels (4 per set) with the same barcode ID number 

 
1 

 
Sample Collection Form for site (Algae Form) 
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Table 5-5.  Equipment and Supplies for Benthic Macroinvertebrate Sampling 
 
QTY 

 
ITEM 

 
1 

 
Modified kick net (D-frame with 500-µm mesh) and 4-ft handle (Wildco #425-C50) 

 
1  

 
Spare net(s) and/or spare bucket assembly for end of net 

 
2  

 
Watch with timer or a stopwatch 

 
1   

 
Sieve with 500-µm mesh openings 

 
1  

 
Sieve-bottomed bucket, 500-µm mesh openings 

 
2 

 
Pair watchmaker’s forceps 

 
1 

 
Wash bottle, 1-L capacity labeled ASTREAM WATER@ 

 
1 

 
Small spatula, spoon, or scoop to transfer sample 

 
1 

 
Funnel, with large bore spout 

 
___ 

 
Sample jars, HDPE plastic with screw caps, 500-mL and 1-L capacity, suitable for 
use with ethanol 

 
2 

 
Gallon 95% ethanol, in a proper container 

 
2 

 
Pair butyl rubber gloves, heavy rubber 

 
1 

 
Cooler (with suitable absorbent material) for transporting ethanol and samples 

 
2 

 
Benthic sample labels                             

 
6 

 
Blank labels on waterproof paper for inside of jars 

 
1 

 
Sample Collection Form for site (RBP Assessment Form) 

 
 
 

Table 5-6.  Equipment and Supplies for Physical Habitat Sampling  
 
QTY 

 
ITEM 

 
1 

 
Fisherman’s vest with lots of pockets 

 
1  

 
50-meter tape measure (should have for discharge) 

 
1 

 
Clinometer 

 
1   

 
Measuring tape for measuring sinuosity (should have for discharge) 

 
1  

 
Measuring rod 

 
3 

 
Physical habitat forms (slope, sinuosity, Rosgen classification) from MDEQ 

 
1 

 
Rosgen book for reference 
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Table 5-7.  Personal Gear 

 
QTY 

 
ITEM 

 
1 

 
Pair chest waders 

 
1 

 
Sunglasses 

 
1 

 
First aid kit 

 
1 

 
Rain gear 

 
1 

 
Fisherman’s vest for physical habitat characterization 

 
1 

 
Day pack 

 
1 

 
Insect repellent, sunscreen 

 
1 

 
Patch kit for waders 
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APPENDIX B – Monitoring Locations 
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Figure B-1.  Location of the 2003 Tongue River watershed monitoring stations. 
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Figure B-2.  Location of the 2003 Powder River watershed monitoring stations. 
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Figure B-3.  Location of the 2003 Rosebud Creek watershed monitoring stations. 
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APPENDIX C – Data Forms 
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 Field Data Sheet Instructions 
 

 
• Place a Site Visit Code label in the upper left corner. 

• STORET Project ID: Enter the Project ID assigned by the Data Management Section. If 
you do not know this information contact Data Management. 

• Trip ID: Enter the Trip ID assigned by the Data Management Section. If you do not know 
this information contact Data Management. 

• Date: Enter the date of the station visit. 

• Personnel: Enter the name(s) of the personnel sampling. 

• Waterbody Name: Enter the name of the waterbody such as “Missouri River.” 

• County: Enter the county in which the station resides. 

• HUC: Enter the  hydrologic unit code (HUC) the station falls within. 

• Station ID: Enter the STORET Station ID the Data Management Section established for 
the site. 

• Visit #: Leave this field blank. 

• Location: This is an opportunity to expand on the waterbody name. Such as “upstream 
from bridge on Forest Service road 100” rather than just “Coal Creek”. When the station 
details are entered into STORET a combination of the Waterbody Name and Location 
will be used for the Station Name. 

• Lat/Long: Latitude and longitudes should be obtained in decimal degrees through a GPS 
unit reading NAD27 whenever possible. If this is not possible a latitude/longitude 
obtained through map interpolation or a mapping program is acceptable as long as the 
map datum (e.g., NAD27, WGS84) the Web site uses is circled on the field form.  If the 
latitude/longitude is derived from a topographic map, the map scale (e.g., 1:24,000) 
should be noted on the form. Also note in the “Comments” field the reason a GPS 
reading was unavailable. 

• Verified: Latitudes and longitudes should always be verified upon return from the field. 
They can be verified by plotting them on a paper map or using a mapping Web site. Once 
the latitude/longitude has been verified check the “Verified” box and put your initials in 
the space next to “By”.  

If when verifying the latitude/longitude it is determined that the measurement must be 
corrected please note the correct latitude/longitude in the comment field along with what 
method was used to arrive at this “corrected” latitude/longitude. Do not erase or dispose 
of the original latitude/longitude reading. Draw a single line through the original reading 
and put your initials. If a map is used to generate the latitude/longitude, the map scale, 
such as 1:250,000; and the map datum, such as NAD27, are needed. 

• GPS Datum: Circle the GPS Datum your GPS unit is set to read. Data management 
would like to have all GPS units set to read NAD27 for consistency. 
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• Latitude/longitude obtained by method other than GPS? Check Yes or No. If Yes, 
describe what method was used to obtain the latitude/longitude. If a mapping Web site 
was used, note the datum the Web site uses. 

• Samples Taken: Check the boxes next to each type of sample if you collect that type of 
sample during your station visit. Also check off the type of habitat assessments you 
complete during your station visit. 

• Sample ID/File Location: Write the Activity ID (Sample ID) for each of the samples you 
collect in the field. Alternately, if the habitat assessments are processed into an electronic 
format, note the file location. 

• Sample Collection Procedure: Circle the sample collection procedure you used to obtain 
each sample type. The Sample Collection Procedures listed on the form are MDEQ 
procedures. To ensure you are using the correct MDEQ procedures check the Monitoring 
& Data Management Bureau SOP manual. 

• Field Measurements: Record your field measurements in the spaces provided. 

• Comments: Use the Comments field to record comments about the GPS reading, any 
additional samples that were taken such as bacteria, or other notes.  
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CHANNEL CROSS-SECTION
Date: Site Visit Code:

Waterbody: MIZPAH CREEK Site ID: Y20MZPHC01

Personnel: Trip ID: 2003-YELS

Project ID: TMDL-Y20 Survey Equipment: (Laser/Other):

STATION DEPTH CELL WIDTH MEAN CELL 
DEPTH CELL AREA NOTATION

(reading taken 
from the tape 

across the cross 
section)

(vertical distance 
from streambed 
to  elevation @ 

bkf )

(e.g.: STATION 2 
-STATION 1)

e.g.: 1/2(DEPTH 
1+ DEPTH 2)

(CELL WIDTH X 
MEAN CELL 

DEPTH )

*(e.g.: Lbkf, 
LWE,THWG,RWE, 

Rbkf)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

TOTAL CROSS-SECTIONAL AREA:
* Notations: Lbkf: Left bankfull, Rbkf: Right bankfull, LWE: Left Water Edge, RWE: Right Water Edge, THWG:Thalweg
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Date: Site Visit Code:

Waterbody: STORET Station ID:

Personnel:

Row ID Particle Category Size (mm)
Riffle 
Count

(Other) 
Count 

Sum % of Total Cum. Total

1 Silt / Clay < 1 0 0.00%

2 Sand 1 - 2 0 0.00%

3 Very Fine 2 - 4 0 0.00%

4 Fine 4 - 6 0 0.00%

5 Fine 6 - 8 0 0.00%

6 Medium 8 - 12 0 0.00%

7 Medium 12 - 16 0 0.00%

8 Coarse 16 - 22 0 0.00%

9 Coarse 22 - 32 0 0.00%

10 Very Coarse 32 - 45 0 0.00%

11 Very Coarse 45 - 64 0 0.00%

12 Small 64 - 90 0 0.00%

13 Small 90 - 128 0 0.00%

14 Large 128 - 180 0 0.00%

15 Large 180 - 256 0 0.00%

16 Small 256 - 362 0 0.00%

17 Small 362 - 512 0 0.00%

18 Medium 512 - 1024 0 0.00%

19 Large 1024 - 2048 0 0.00%

20 Bedrock > 2048 0 0.00%

21 Total # Samples 0 0 0 0.00%

C
O

B
B

LE
S

B
O

U
LD

ER
S

SUBSTRATE  DEQ/MDM

PEBBLE COUNT

Characteristic Group: PEBL-CNT

G
R

A
VE

LS
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Appendix B

Montana DEQ Standard Operating Procedures

(Sections 10 and 11)
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10.0  Sample Collection

Sample collection is a vital part of the composition of waters and
wastewaters studies.  It is often the major source of error while
obtaining water quality information.  In any study involving small
samples of a material, inherent uncertainties exist related to the
homogeneity of the sampled source, the number and frequency of the
samples collected, the method of collection, and the size of the
individual samples.

The most important factors affecting the ability to adequately determine
the composition of water over a period of time are the methods and
frequencies of sample collection.

10.1  SAMPLE COLLECTION METHODS

The three general types or methods of sample collection are:

A.  The grab sample.  This is an individual discrete sample
collected over a period of time not exceeding 15 minutes.

B.  The simple composite sample.  It is collected by combining
equal volumes of two or more grab samples collected at a fixed
interval of time.

C.  The proportioned composite sample.  The volumes or collection
frequencies of the grab samples combined vary with flow.

The choice of collection method is usually dictated by the
circumstances surrounding the sample site and the objectives of
the monitoring program.  Some guidelines governing the selection
of a sample collection method are:

1.  A grab sample will adequately represent the flow at the
time it is collected if it is known or can be determined that
a source is uniform in composition (homogenous).  For most
dissolved constituents, some degree of homogeneity is common.
 For constituents that may be associated with suspended
material, a single grab sample may be a very poor
representation of the source being sampled.
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2.  A composite sample will accurately represent the water in
a vertical cross section of a stream by combining appropriate
volumes of samples taken at a series of points along the
cross section, and will be used if the source is not known or
not believed to be homogenous.  For suspended sediment or
associated constituents, a composite sample will better
represent the quality of the water.  The number of samples to
be collected for compositing relates primarily to the
representativeness of the composite sample and secondarily to
the volume of the sample required for analysis. 

3.  Water stored in lakes and reservoirs is commonly not
uniformly mixed.  Thermal stratification and associated
changes in water composition are among the most commonly
observed effects.  Single grab samples from lakes or
reservoirs can be assumed to represent only the spot within
the water body from which they came.

4.  The collection of a grab sample is appropriate when the
sample:

a)  Characterizes water quality at a particular time;
b) Provides information about minimum and maximum

concentrations;
c)  Allows collection of variable sample volume;
d)  Corroborates composite samples; and
e)  Meets a requirement of a discharge permit.

5.  Grab samples will be used when:

a)  The stream does not flow continuously;
b) Water or waste characteristics ar e relatively

constant;
c) Variables to be analyzed are likely to change with

storage (dissolved gases, residual chlorine,
soluble sulfide, oil and grease, microbiological
parameters, organics, and pH);

d) Information on the maximum and minimum
concentrations or variability of concentrations is
desired;

e) The history of water quality is to be established
based on relatively short-time intervals; and

f) Spatial variability is to be determined, for
example, throughout the cross section and/or depth
of a stream or a large body of water.

6.  Composite samples will be used when:

a)  Determining average concentrations; and
b)  Calculating mass/unit time loading.

7.  The method of sample collection used in DEQ Compliance
Monitoring is usually specified in the permit.  The DEQ
Compliance Sampling Manual shows that sampling programs must
include a minimum of a 24-hour operating day composite
supplemented by two or more grab samples.  With highly
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variable wastewater characteristics or flow rate changes,
additional sampling is required.  A composite sample is
defined as a minimum of eight discrete samples taken,
proportional to flow, over the compositing period.

8.  Composite samples from lagoons with long detention times
may not be representative due to the tendency of lagoons to
short circuit.  Grab samples may be representative of lagoon
discharges.

9.  Agricultural discharges (concentrated animal waste or
manure from a confined feedlot, runoff from an agricultural
watershed, and irrigation return flows) are usually highly
variable.  A single grab sample may not be representative.  A
series of grab samples, or a flow-proportioned composite
sample, would be best.

10.  Biological samples ( benthic macroinvertebrate and
periphyton) may or may not be composited, depending on a
study's objectives.

11.  Composite samples will never be collected for
microbiological examination.  Data from individual samples
show a range of values which composite samples will not
display.  Also, one or more portions that make up a composite
sample may contain toxic or nutritive material and cause
incorrect results.
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10.2  SAMPLE COLLECTION FREQUENCY

When a sampling point has been selected and a procedure adopted
that ensures that each sample adequately represents the water
flowing at that instant, a decision is needed about how frequently
samples or measurements must be obtained.  The usefulness of water
quality data and the ability to interpret water quality data is
often tied directly to sampling frequency.  A few of the more
important factors to consider in determining sampling frequency
are:

A.  Types of variables to be measured.  Flow dependent variables
(suspended solids or associated constituents) might be sampled
more frequently during periods of sediment transport than during
low-flow periods.  Some water quality variables (temperature,
dissolved oxygen, and pH) may require diel sampling to define the
expected ranges.

B.  Expected seasonal changes.  Seasonal changes are manifested by
changes in flow, storm periods with attendant runoff, rising and
falling water temperatures, increased or decreased biological
growth, etc.

C.  Influence of man-caused inputs.  Anthropogenic activities may
be characterized by daily cycles (quality of a wastewater
discharge) or seasonal cycles (agricultural runoff).

D.  Variances of water quality variables.  Known variances
computed from collected water quality data may be useful in
computing future sampling frequencies.  Variances within a site
compared with variances between sites will be useful in optimizing
sampling frequency to avoid collecting data that are repetitive
and do not provide much water quality information.

E.  Data interpretation.  Data collection frequency ties directly
to data interpretation.  This does not mean that a great deal of
data must be collected.  It does mean that data must be collected
at the correct time and location.

F.  The expected budget, distance to and between sampling points,
and available manpower will have an influence upon the frequency
of sampling.

As a rule, it is much better to restrict the area of study or
scope of the program if non-hydrological constraints such as
budget or manpower force a reduction in the frequency of sampling.
 Also, if statistical evaluations of the data are planned, then a
statistical strategy in the sample collection must be in place. 
An appropriate number of samples must be collected to ensure that
the number of degrees of freedom is sufficient so that something
might be said about the data collected.  Significant as sampling
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frequency is in detecting stream standard violations, maintaining
effluent standards, estimating temporal changes in water quality,
and defining natural water quality variations, very few
quantitative criteria for designating appropriate sampling
frequencies are available.  However, a few guidelines can be used
to determine the frequency of sample collection.

These guidelines are:

1.  Samples will be collected or measurements made at such
intervals that no important cycles of change in concentration
could pass unnoticed between sampling times.  For some
streams where flow is completely controlled by large storage
reservoirs, or is maintained at a nearly steady rate by
large, constant groundwater inflows, a single sample may
represent the composition accurately for days or weeks.  For
many streams, however, one sample cannot be safely assumed to
represent the water composition for more than a few days.

2.  Statistical analysis of water quality data requires that
observations be independent, that is, there will be little or
no seasonal or serial correlation in a data set of a water
quality variable.  Seasonal correlation can be removed
statistically.  Generally, sampling surface waters more often
than monthly may introduce serial correlation into a data
set; groundwater sampling more frequently than quarterly may
also introduce serial correlation into a data set.  However,
sampling stream waters more frequently may be desirable than
once a month, for example, during spring runoff, depending on
a study's objectives.
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10.3  SAMPLE COLLECTION QUALITY ASSURANCE

Quality assurance is a significant part of every sampling program. 
It is a broad management concept of maintaining the ability to
furnish reliable information, and requires complete integration of
field and laboratory systems for sample collection and measurement.
 Quality assurance incorporates all peripheral but essential
operations such as survey design, equipment preparation, maintenance
tasks, data handling, and personnel training.  The objectives of
quality assurance are to assure that the generated data are
meaningful, representative, complete, precise, accurate, comparable,
and scientifically defensible.

Quality assurance begins in the planning of a water quality
monitoring project.  Quality assurance aspects in this phase of a
project are generally incorporated in a statement of Data Quality
Objectives (DQOs), Section 6.0.  DQOs specify the kinds of data
needed to fulfill the objectives of a water quality monitoring
project.  They ensure that the data collected will provide adequate
information for making a decision.  They require careful
consideration during the planning and design of a sampling program
(sampling site selection, sampling frequency, duration of sampling,
water quality variable selection, etc.).

The collection of water quality data is just as important as the
planning and design aspects.  Quality assurance procedures must be
followed to ensure that the integrity of samples collected is not
compromised, that is, those samples accurately represent the source
at the time they were collected.  This requires that some basic
sample collection, handling, and analytical procedures be followed.

The quality assurance procedures are:

A.  If several locations are to be sampled during one sampling run
which include both clean and polluted sites, use separate collection
equipment (buckets, automatic samplers, bailers, etc.) at each
location if possible.  Otherwise, sampling will progress from the
clean areas to the polluted areas and the collection equipment will
be rinsed several times with the water from the new source before
the sample is collected.

B.  Sampling equipment (buckets, funnels, bailers, etc.) will be
rinsed several times with the water to be sampled.  PCBs, oil and
grease, phenols, and hazardous waste samples will be taken directly
into the sample container.  If collection equipment is needed for
PCBs or hazardous waste, one-time-use equipment will be used, if
possible.  Otherwise,  decontamination procedures will be followed
where appropriate.
C.  The sample container must be appropriate to the sampled
variable ( Table 10.1).  Use special cleaning procedures, if
necessary (i.e., acid soaked  bottles for trace metals analyses).
 Sample containers will be rinsed three times with the source
water to be collected.

D.  All instruments used in the field must be calibrated before
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use, and periodically afterwards, according to the manufacturers'
recommendations.

E.  Continuous sampling devices must be calibrated according to
the manufacturers' specifications at the time of setup and checked
as often as necessary.  Sampler components (lines, collection
bottles, etc.) must be cleaned, or replaced as necessary, before
use.

F.  Equipment will be checked before being taken into the field to
make sure they are operating satisfactorily.  To the extent
possible and practical, backup equipment will be available.

G.  Each instrument requiring calibration will have a logbook
assigned to it in which all calibration information can be
recorded.  Information must include date and time of calibration,
method of the calibration, person performing the calibration, and
comments.  All maintenance and repairs done will are logged with
the name of the individual doing the work.  All maintenance and
repairs will be done as soon as possible after the need for such
work is noted.  The recording of the calibration data,
maintenance, and repair work is necessary to counter challenges to
the quality, integrity, and acceptability of the field data.

H.  All samples must be preserved according to EPA requirements
(Table 10.1).  Use preservative ampules sized for the volume of
the sample collected (do not over or under preserve).  Samples
that must be cooled at 4  C are best preserved with chunks of ice.
 Samples will be collected so that as little time as possible
lapses before they are preserved.  Data from samples that have not
been properly preserved or have exceeded maximum holding times
will be reviewed, later flagged or discarded.
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10.4  QUALITY CONTROL

Quality Control (QC) involves specific tasks undertaken to
determine the reliability of the laboratory data.  It is
accomplished internally by routinely analyzing blanks, duplicates,
and spikes in the day-to-day operation of a laboratory, or
externally by incorporating field originated blanks, duplicates,
and spikes into the set of the samples collected during a water
quality survey. 

The objectives of QC samples are to ensure that 1) the integrity
of data generated in a monitoring effort is not compromised by
extraneous sources of contamination (blanks); 2) the reported data
are favorably comparable to the true values (accuracy); and 3) the
results of a sample collection and measurement process (data
generated by analytical procedures) are reproducible (precision).

Water quality monitoring programs commonly use QC samples at two
points in the data generating process:

A.  Laboratories routinely use duplicates and spikes to establish
limits for precision and accuracy for each measurement parameter.
 These limits may change depending on the analytical method and
concentration range under consideration.  The limits allow the
investigator or data user to calculate an interval within which a
reported concentration is expected to occur (95% confidence
internal).   Also, the systemic errors inherent in the operation
of a laboratory or analysis of a sample (variation in the
preparation of standards, miscellaneous contamination, inaccurate
balances, instrument drift, interferences, etc.) will be
quantified.

B.  The second point in the monitoring process where QC samples
are commonly used is in documenting quality control associated
with the collection of samples in the field.  Field blanks,
duplicates, and spikes are routinely incorporated into a
monitoring program without a good understanding of their function.
 The purpose of these samples is to validate the precision and
accuracy of laboratory data, and to determine the adequacy of
preservation techniques, equipment cleaning and preparation, and
sampling procedures.  Field blanks (Sections 11.11.1 and 11.11.2)
are used to measure and quantify the amount of contamination from
extraneous sources (preservatives, sample bottles, sample
handling, automatic samplers, etc.) which might compromise the
integrity of a sample (alter its true value or concentration).
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Duplicates and spikes reflect not only the errors and variations
inherent in the laboratory analyses, but also the errors and
variations inherent in the collection of duplicate samples and
preparation of spiked samples.  If the analyses of duplicate and
spiked samples are unacceptable ("out of limits"), it is virtually
impossible to tell whether the cause originates within the
laboratory, the field collection, or the preparation of the
samples.  Duplicate and spiked sample analyses that are acceptable
("within limits") have the total  error from the field collection
and laboratory analyses that is not greater than the laboratory
error alone.

QC samples (spikes, duplicates, blanks) will be an integral part
of any water quality monitoring.  The frequency of collection
depends on the nature of the monitoring effort; the guidelines
presented here will be applied on a case-by-case basis.  QA
project plans will provide more specific information on their use
in specific project areas.

1.  Duplicate  samples  are independent samples that are
equally representative of the parameters of interest at a
given point in space and time.  Results of duplicate samples
will, theoretically,  be the same.  Realistically, results
may differ due to the non-homogeneity of the sample source,
sampling and analytical errors.  Duplicate samples document
the technique and ability of the sampler and analyst to
produce representative water quality data.  In long-term,
ongoing monitoring programs, duplicates will be submitted
quarterly for those water quality variables of interest. 
Short-term monitoring programs with distinctly different
objectives will include at least one set of duplicate samples
for those variables of interest.

2.  Spiked samples  are prepared by mixing or diluting a given
volume of a known standard or reference solution (spike) with
a volume of ambient water (matrix).  The analytical objective
is to "recover" 100% of the spike concentration.  The actual
amount recovered is expressed as a percentage.

               A - B
      100  X     D  

  

Where: A = concentration of the matrix and spike
B = concentration of the matrix
D = actual concentration of the spike
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The percent recovered will be within some predetermined
acceptance limits established by the laboratory for that
parameter and measurement method.  Spiked samples will help
project managers in validating data and point to problem
areas in laboratory analysis.

3.  Field blanks  are obtained by running distilled/deionized
water through sample collection equipment (pumps, filters,
etc.) after decontamination and collection in the appropriate
sample containers.  The analyses of these samples will
determine if the decontamination procedures have been
sufficient.  They will be collected, stored, and shipped with
the other samples.  At least one field blank will be
collected during each sampling episode.  In addition, at
least one field blank will be collected for each thirty
samples collected during any one episode.

4.  Trip blanks  generally pertain to volatile organic samples
only.  They are prepared before the sampling event in
appropriate sample containers and are kept with the other
samples collected throughout the sampling event.  They are
then packaged for shipment with the other samples and sent
for analysis.  At no time after preparation, the samples are
to be opened before reaching the laboratory.  One trip blank
will be included for each sampling episode.

5.  Preservative blanks  are prepared by preserving a sample
of distilled/ deionized water in an appropriate sample
container.  The sample is analyzed for the variables of
interest.  The samples determine whether preservatives,
preservative ampules, or sample containers are contributing
detectable concentrations of an analyte to an environmental
sample.  One preservative blank will be submitted for each
sampling episode.  In addition, at least one preservative
blank will be submitted for each thirty samples collected
during a sampling episode.

In some situations, combining several QC samples into a
"hybrid" blank may be desirable.  For example, an acid soaked
bottle for trace metals analysis may be filled with distilled
or deionized water in the laboratory and preserved in the
field.  The sample would not only meet the objectives of a
field blank (thoroughness of decontamination) and a
preservative blank (preservative contamination) but it would
also indicate if contamination is introduced by the sample
handling and preservation technique.  To summarize, employing
QC/QA methods to ensure the integrity and accuracy of the
water quality data is important.
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10.5  PRESERVATION

Since few samples will be analyzed at a sampling site, they must
be stored in a container with a preservative to maintain the
integrity of a sample.  Complete preservation of samples
(wastewater or natural waters) is a practical impossibility
because complete stability for every constituent can never be
achieved.  At best, preservation can only retard the chemical and
biological changes that take place in a sample after it is
collected.

Methods of preservation are generally limited to chemical
addition, pH control, and refrigeration (icing).  Preservation is
intended to retard biological action, retard the hydrolysis of
chemical compounds and complexes, and reduce volatility of
constituents.

Also, these requirements are generally applicable to the Safe
Drinking Water Act.  Preservation of samples for other acts
(CERCLA, RCRA, FIFRA, TSCA) is often refrigeration only, or no
preservation at all.

Some guidelines will be followed when preserving samples.  These
include:

A.  Grab samples must be preserved as soon as possible; the
collection of grab samples must be timed so that little delay
occurs in preserving the sample.

B.  Be careful not to contaminate other samples with preservatives
intended for a different type of sample analysis.  Of particular
concern is the contamination of samples intended for nitrogen
analysis with nitric acid used for preserving samples for metals
analysis. 

C.  For composite samples, each aliquot will be preserved at the
time of collection.  When use of an automatic sampler is
impossible then samples may be preserved by refrigeration (or
icing) until the samples are composited.

D.  Holding times for various parameters will be regarded as
maximum  holding times; analysis will always be conducted as soon
after collection as possible.

E.  Samples for analysis of dissolved metals will be immediately
filtered on-site before adding nitric acid.
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F.  Samples requiring icing (refrigeration) must be iced as soon
as possible.  Cubed ice will be used liberally and in contact with
as much of the sample container as possible.  Cubed ice chills
samples better than block ice or synthetic ices (blue ice).

G.  The collection and preservation of fish samples require
special handling techniques.  These are covered in Field
Collection Method Section 12.1.4.

H.  Macroinvertebrate samples are preserved with 99% ethanol.  As
much water will be removed (decanted) as possible from the sample
container before adding ethanol.  An ounce or two (jigger) of
formalin may be added to ensure sample preservation under adverse
conditions (hot weather).

I.  Periphyton samples for taxonomic identification are preserved
by adding several ml of Lugol's solution, followed by
refrigeration.
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10.6  SAMPLE IDENTIFICATION

The method of identification of a sample depends on the type of
measurement or analysis.  When field measurements are made, the
data are recorded directly in logbooks or on field data sheets. 
Identifying information includes project name, station numbers,
station locations, date, time and names of samplers.  Field
measurements, observations, and remarks are then recorded.

Preserved samples for laboratory analyses are identified by a
sample tag or other appropriate identification. 

Sample tags will contain, at a minimum, the following information :
 sample location, sample number, date, preservatives, and analyses
to be performed (TSS/VSS, commons, metals, nutrients).  More
detailed information on requested analyses is entered on the data
card (Section 21.1).

Sample tags will be filled out using waterproof or indelible ink.
 Identifying information may be recorded directly on the sample
container if it is known that such documentation is resistant to
water, ice, rubbing or smearing, and other sorts of physical or
chemical abrasion.

QC samples (duplicates, blanks, spikes) will be clearly marked. 
If a sample is to be split, it is aliquoted into similar sample
containers.  Identical sample tags are completed and attached to
each split and marked " Split ".  The tag identifies the split
sample for the appropriate government agency, facility, or
laboratory.

When samples are received by a chemical laboratory, a unique
identification number is affixed to all sample containers
appropriate to that particular sampling event, and to the LIMS
database and analysis sheet containing the pertinent identifying
information (sample station, location, date and time of
collection, etc.).  In this manner, all submitted samples are
permanently identified by a unique sample number for recording of
field and laboratory measurements, and for permanent storage of
data.  Samples can also be archived up to the maximum recommended
holding time and reanalyzed, if necessary, with little chance of
misidentification.
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10.7  FIELD FORMS

The DEQ has field forms specifically for the collection of surface
waters and groundwater samples, evaluating macroinvertebrate
habitat, stream inventory, stream discharge, Chain-of-Custody,
wetland assessment, and wetland jurisdiction (Section 21.1).

Samplers must use the appropriate form and are required to fill-in
all the information requested that is relevant.  The information
on these forms includes sample location, hydrologic and
environmental condition, date and time the sampling took place. 
These forms also assist in the tracking process to provide quality
assurance.

The forms are used to notify the chemical laboratory that analytes
are requested to be tested or are used to assist in the
interpretation of results.  Much of the information on these forms
is also required for entering into the DEQ-AREV database and
STORET.
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11.0  Methods for Collecting, Analyzing, and Reporting Water Quality
and Sediment Chemical Data

11.1  FIELD EQUIPMENT AND PREPARATION PROCEDURES

11.1.1  Field Equipment List

Compiling a list of required field equipment for every
individual water quality survey is not practical.  Field
conditions, monitoring objectives, and the scope and
intensity of surveys varies so widely that advanced planning
and preparation are often necessary to define the equipment
that will be needed to collect samples for water quality
surveys.

Equipment may be characterized as "general sampling" or
"specialized sampling" equipment.  "General sampling"
equipment might be considered as equipment that would be
needed no matter what the circumstances of the planned
survey.  Special equipment may or may not be required.  Once
the objectives of a survey have been defined and knowledge of
field conditions has been obtained, the appropriate equipment
can be identified and prepared.

General sampling equipment includes:

- Vehicle (car, pickup truck, or 4-wheel drive depending
on field and weather conditions)

- Sample bottles (250ml or 1-l polyethylene bottles     
with caps)

- Preservative ampules (nitric acid for metals, sulfuric
acid for nutrients, sized for 250ml or 1L bottles)

- Wast e vessel (jar or ziplock) for used ampules
- Hip boots
- Rubber gloves
- Coolers (with ice or ice packs)
- Notebook for field notes
- Pens, pencils and waterproof marking pens
- Camera and film
- Maps
- Field tote or 5-gallon bucket
- Flashlight and spar e batteries
- Multi meter (pH, DO, Conductivity, Temperature)
- Hand-held GPS unit
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Special equipment is categorized by objective:

Flow measurements:

- Marsh- McBirney Portable Current Meter
- Wading rod for current meter
- Tape measure
- Flow data sheet s
- Calibrated 5-gallon plastic bucket
- Stop watch
- Clipboard
- Wooden Stakes or re-bar and hammer

- Key for gaging stations
- Carpenter's chalk
- Yardstick or calibrated rod for measuring weir 
depth
- Water measurement manual (tables for weirs,

flumes, etc.)

Filtering:

- Filter holders with filter and prefilter
- Sample bottles
- Syringes
- Collection bottles (500ml, polyethylene)

pH Measurement:

- pH meter
- pH standards 4.0, 7.0, and 9.0
- Squeeze bottle with deionized water
- Plastic beake rs

Dissolved Oxygen (DO) Measurement:

- DO meter (YSI model 52A with probe)
- Winkler field kit (check reagents)
- 300ml BOD bottles
- Thermometers
- Mercury barometers

TSS sample collection:

- DH-48 or other depth-integrating sampling devices
- Pint g lass bottles (cleaned and rinsed with

distilled water)
- Funnel
- Tape measure
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Biological sampling:

- Sterile thiosulfate-treated bottles for coliforms
- Hess sampler, scrub brush and metal rod ( benthic

macroinvertebrates)
- D-net ( benthic macroinvertebrates)
- 500ml or 1 Liter wide-mouth plastic jars for

benthic samples
- Forceps
- Ethanol
- Formalin
- Brushes
- Squeeze bottle
- Periphyton jars
- Scraper (spoon, knife, spatula)
- Lugol's solution

Miscellaneous:

- Bucket and rope (for bridge sampling)
- Axe
- Clipboard
- Traffic cones for bridge work
- Data cards
- Chain-of-custody forms and seals for coolers
- Garbage bags
- Money
- Sunscreen
- Bug repellant
- Red pepper spay
- Government employee identification
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11.1.2  Sample Container Preparation (Heavy Metals)

Procedures for equipment preparation, field collection, and
field analyses shall be consulted before sampling begins to
identify equipment needs most appropriate to a survey's
objectives and expected field conditions.

A. EQUIPMENT:

1.  250ml polyethylene bottles

2.  Preservative ampules

 B. REAGENTS: 5% HNO 3

C. PREPARATION:

1.  Fill bottles with 5% HNO 3 and cap.

2.  Let bottles soak at least 48 hours.

3.  Discard acid rinse, and rinse bottles at least
three times with DI water.

4.  Acid ampules shall be acid washed if contamination
is known or suspected.  Teflon ampules need to be
soaked when new.  When reused, only refilling is
necessary.

D. PRECAUTIONS: None

E. SPECIAL INSTRUCTIONS:

1.  Discard acid rinsate.  Do not reuse.

2.  Make sure acid-soaked bottles are clearly
identified when taken into the field.

3.  Procedure is particularly important for carbon-
furnace trace metals analysis.  Consult with a
laboratory on the requirements for Mass Spectrometer/
AA analyses.

F. REFERE NCES: None

G. PROJECT: Clark Fork Basin Study, NPDES Compliance
Monitoring, Intensive Surveys, Drinking
Water
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11.1.3  Filtration

A. EQUIPMENT:

1.  500ml wide-mouth polyethylene collection bottles
(Nalgene or equivalent)

2.  Nuclepure or Swin-Lok filter holders

3.  47mm diameter, 0.45um Gelman Supor-450 membrane
filters

4.  47mm diameter, Whatman GF/C glass microfibre
prefilters

5.  60ml plastic syringes ( Charise)

6.  150ml polyethylene sample bottles

7.  100ml polyethylene sample bottles

B. REAG ENTS: 3:1 solution HCL

C. PREPARATION:

1.  All equipment except filters and sample bottles
must be soaked in HCL bath (add HCL to water!) then
thoroughly rinsed in DI water.

2.  Apparatus that comes into incidental contact with
water samples (500ml collection bottles, filter
holders, and syringes) requires at least 3-4 hours of
acid soaking.  All filter holders and syringes shall be
disassembled completely before soaking.

3.  Sample bottles that shall contain samples for days
or weeks must be acid soaked overnight.

4.  Rinse all bottles and caps at least three times
with DI water.

5.  Use a pipette washer to rinse syringes and filter
holder components.  Load apparatus into the pipette
washer.  Let washer fill and empty four or five times
(approximately 20 minutes).

6.  Assemble filter holders according to manufacturers
instructions (use plastic gloves).

D. PRECAUTIONS:

1.  Make sure all bottles and other apparatus are
filled during the soaking period.  Make sure all of the
other apparatus comes into complete contact with the
acid solution.
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2.  Use latex gloves or other hand covering during all
aspects of cleaning and during filter assembly to
prevent acid burns and contamination of apparatus from
skin oils, dirt, etc.

3.  Keep the acid bath covered during and after use.

E. SPECIAL INSTRUCTIONS :  Change the HCL bath as needed.

F. REFERENCES:  None

G. PROJECT: Clark Fork Basin Study, NPDES Compliance
Monitoring, Intensive Surveys
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11.2  WATERFLOW MEASUREMENTS

11.2.1  Introduction

The measurement of flow for surface water and wastewater
sampling is essential to most water pollution control
activities.  Activi ties such as water quality enforcement
studies, DEQ permit compliance monitor ing, water quality
monitoring, municipal operation and maintenance investiga-
tions, planning, and research relies on accurate flow
measurement data.  The importance of obtaining accurate flow
data cannot be overemphasized, particu larly with respect t o
enforcement investigations since these data will be used as
evidence in enforcement case preparation.  DEQ permits often
limits the quantity (mass loading) of a particular pollutant
that may be discharged, and the calculations of mass loadings
are also frequently necessary for water qual ity studies and
other purposes.  As much attention and care will be given to
flow measurement in the design of a sampling program as to
the collection of samples and their subsequent laboratory
analysis.

The basic objectives of this section are to:

outline standard practices for DEQ personnel with
respect to waste water flow measurements during water
enforcement and compliance monitoring activities, and
other studies where wastewater flow measure ments are
required;

outline standard practices for obtaining surface water
flow during water quality surveys;

review acceptable, commonly used flow measurement
techniques; and

present general and specific quality assurance
procedures for the flow measurement equipment and
techniques.

A complete discussion of all available flow measurement
techniques is beyond the scope of this manual.  However, most
of the common techniques currently in use are covered in
general terms.  A compre hensive list of references is
included at the end of this section and a de tailed discussion
of flow measurement techniques may be found in these
references.
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11.3  WASTEWATER FLOW MEASUREMENTS

11.3.1  General

The USDI Water Measurement Manual  is the standard DEQ
reference for details on checking the installation of primary
open channel flow devices.  Basic guidance for making
wastewater flow measurements and a basic description of all
common wastewater flow measurement systems are given in the
EPA Compliance Inspection Manual .  This manual shall also be
used as DEQ guidance for such measurements.
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11.3.2  Site Selection

It is the field investigator's responsibility to insure that
the waste water flow measurement system or technique used
measures the total wastewater discharged (described by the
DEQ permit, if applicable).  All recycled waters must be
accounted for so that any reported flows accurately reflect
the volume of wastewaters discharged.  The actual location of
wastewater flow measurement is not important if these
criteria are met, and the chosen location is suitable for the
technique or flow measurement system used to measure flow.
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11.3.3  Flow Measurement Systems

Flow may be measured on an instantaneous or a continuous
basis.  A typical continuous system consists of a primary
flow device, a flow sensor, transmitting equipment, a
recorder, and possibly a totalizer.  Instantaneous flow
measurements can be obtained without using such a system.

The heart of a typical continuous flow measurement system is
the primary flow device.  This device is constructed to
produce predictable hydraulic re sponses related to the flow
rate of water or wastewater through it.  Examples include
weirs and flumes that relate water depth (head) to flow ,
Venturi and orifice type meters that relate differential
pressure to flow, and magnetic flow meters that relate
induced electric voltage to flow.  Standard primary flow
devices have undergone detailed testing and experimenta tion,
and their accuracy has been verified.

A flow sensor is required to measure the particular hydraulic
responses of the primary flow measurement
device and transmit them to the recording system.  Typically,
sensors include floats, pressure transducers, capacitance
probes, differential pressure cells, and electromagnetic
cells.

The sensor signal is generally converted using mechanical,
electromechani cal, or electronic systems into units of flow
recorded directly on a chart or transmitted into a data
system.  Systems that use a recorder are generally equipped
with a flow totalizer that displays the total flow on a real
time basis.

Studies that require continuous flow measurements require a
complete system.  Instantaneous flow measurements do not
necessarily dictate the use of any portion of such a system.
 Techniques that are described later in this section are
available for measuring instantaneous flows with portable
equipment.

An important consideration during wastewater studies is that
the investi gator may want to obtain continuous flow data at a
facility where only instan taneous flow data are being
measured.  If an open channel primary flow device is used for
making the instantaneous measurements, only the installation
of a portable field sensor and recorder is
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necessary.  If, on the other hand, the facility being
investigated does not use a primary flow device, and a
continuous flow record is desired , a portable primary flow
device must be installed.  This chapter does not cover in
detail the installation of primary flow devices, but many of
the cited references treat this area quite adequately. 

Wastewater flow measurement systems are generally very
accurate.  The total error inherent in a flow measuring
system is the sum of each component of the system.  However,
any system that cannot measure the wastewater flow within +
10 percent of the actual flow is considered unacceptable for
use in measuring wastewater flow.
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11.3.4  Use of Existing Flow Measurement Systems

The installation of systems to measure wastewater flows can
be a time-consuming task, particularly if a primary device is
not available.  Therefore, DEQ Program field personnel shall
always use existing facility primary flow devices and flow
measurement systems when the accuracy of these devices and
the system can be verified.  The objective of this section is
to outline the responsibilities of DEQ field personnel in
verifying the accuracy of existing primary flow devices and
systems.

The field investigator must verify that any existing flow
measurement system (including the primary flow device) used
to measure wastewater flows conforms with recognized design
and installation standards, and any devia tion from standard
conditions shall be thoroughly documented.  The accuracy of
the primary flow device shall be checked by making an
independent "calibration" or flow measurement.  If no usable
or existing primary flow measuring device is available or if
the device has been lost, the inves tigator shall attempt to
install a portable primary flow device.

If the discharger's flow measurement system is accurate
within + 10 percent of the actual flow, the investigator can
use the installed system.  The accuracy of flow sensors and
recorders can be easily checked for open channel flow devices
by making an instantaneous measurement using the primary flow
device and comparing this against the recorder reading.  The
accuracy of the recorder time trace shall be checked by
physically marking the times on the flow chart and comparing
these with the correct time.  It is necessary to make an
independent flow measurement when closed conduit systems must
be checked.

If the existing equipment cannot be calibrated in a timely
manner, the investigator shall install a portable flow sensor
and recorder for the duration of the investigation.  The
installation and use of this equipment are preferred to
attempts to correct incorrect flow measurement systems.  The
investigator shall note the action taken and inform the
discharger that the equipment shall be calibrated as soon as
possible if flow is required for calculating mass loadings or
is itself a permit monitor ing requirement.  If nonstandard
primary flow devices are being used, data supporting the
accuracy and precision of the methods being employed shall be
provided by the discharger.
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11.3.5  Specific Techniques

This section outlines and familiarizes the field investigator
with the most commonly used methods for wastewater flow
measurements and the primary devices that shall be
encountered during field studies.  Volumetric and dilution
techniques are presented at the beginning of this section,
since they are appli cable to both open channel and closed
conduit flow situations.  The remaining methods are grouped
under categories dealing with open channels and closed con-
duits.  The general method of checking individual primary
flow devices is given, where applicable.  Several estimation
techniques are presented.  However, it shall be recognized
that flow estimates do not satisfy DEQ permit monitor ing
requirements unless the permit specifically states that this
is permissible.  The following methods are included to enable
the field investigator to make accurate flow estimates when
necessary.

Volumetric Techniques  -- Volumetric flow measurement
techniques are among the simplest and most accurate methods
for measuring flow.  Basically, these techniques involve the
measurement of volume and/or the measurement of time required
to fill a container of known size.

Vessel Volumes  -- The measurement of vessel volumes to obtain
flow data is particularly applicable to batch wastewater
discharges.  Accur ate measurements of the vessel volumes and
the frequency that they are dumped are all required.  An
accurate tape to verify vessel dimensions and a stop watch
are the only required field equipment.  The NPDES Compliance
Inspection Manual  (2) is a useful reference on the equations
for calculating volumes of various containers.

Sump Pumps  -- This measurement is made by observing the sump
levels at which the pumps cut on and off and calculating the
volume contained between these levels.  This volume with the
number of pump cycles, shall give a good estimate of the
daily wastewater flow.  The inspector must also account for
the quantity of wastewater that flows into the sump during
the pumping cycle.
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Bucket and Stop Watch  -- The bucket and stop watch technique
is particularly useful for the measurement of small
wastewater flows.  Using it is accurate and easy.  The only
equipment required to make this measurement is a calibrated
container (bucket, drum, tank, etc.) and a stop watch.  A
minimum of 10 seconds to fill the container is recommended. 
Three consecutive measurements shall be made, and the results
shall be averaged.
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11.3.6  Dilution Methods

Dilution methods for water and wastewater flow measurements
are based on the color, conductivity, fluorescence, or other
quantifiable property of an injected tracer.  Dilution
methods require specialized equipment, special attention to
detail by the investigator, and time consuming.  However,
these techniques offer the investigator:

a method for making instantaneous flow measurements
where other methods are inappropriate or impossible to
use;

a reference procedure of high accuracy to check in-situ
those primary flow devices and flow measurement systems
that are nonstandard or are improperly installed; and

a procedure to verify the accuracy of closed conduit
flow measuring systems.

The Turner Designs nomograph  (3), the NPDES Compliance
Inspection Manual  (2), and the Geological Survey publication
(4) outline the recommended reference procedures.  The
dilution method utilizing Rhodamine WT dye is the preferred
reference procedure to be used by DEQ personnel when
verifying the accuracy of flow measurement systems.
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11.3.7  Open Channel Flow Measurements

Measurement of wastewater flow in open channels is the most
frequently encountered situation in field investigations.  An
open channel is defined as any open conduit, such as a
channel or flume, or any closed conduit, such as a pipe,
which is not flowing full.  The most commonly encountered
methods and primary flow devices used in measuring open
channel wastewater flows are described in this section. 
Several flow estimation techniques are also presented.

The measurement accuracies quoted in this section apply only
to the specific method or to the primary flow device being
discussed.  Total error involved in a continuous flow
measurement system, which is the sum of the errors of each
component, is beyond the scope of this discussion.

Weirs  -- A weir is defined as an overflow structure built
according to specific design standards across an open channel
to measure the flow of water.  The theory of flow
measurements using weirs involve the release of potential
static energy to kinetic energy.  Equations can be derived
for weirs of specific geometry that relate static head to
water flow (discharge).  Weirs are generally classified into
two general categories, broad crested and sharp crested.

Broad crested weirs take the following form ; Q=CLH 3/2.  Values
for the coefficient C are given in hydraulic handbooks (5,
6).  Unless such weirs have been independently calibrated,
they are usually not accurate enough for wastewater flow
measurements.

Sharp crested weirs are constructed in a variety of shapes. 
Rectangular, V-notch, and Cipolletti weirs are the most
common types.  If such weirs are constructed as outlined in
the USDI Water Measurement Manual  (1), they are considered
standard primary flow devices.

All weirs shall be inspected to determine if the weir
installation and construction conform to the conditions given
in the USDI Water Measurement Manual  (1), provide a uniform
influent flow distribution, and the weir is placed squarely
across the channel perpendicular to the direction of flow. 
Useful tools for checking weir construction and installation
include a carpenter's level, a framing square, a measuring
tape, and a staff gage.  Any problems observed during the
inspection or study shall be noted in the field logbook.
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A set of weir tables is necessary for calculating flows.  The
USDI Water Measurement Manual  (1), the Stevens Water Resource
Data Book  (7), and the ISCO Open Channel Flow Measurement
Handbook  (8) contain a complete set of tables.

For more procedural information, refer to Paragraph I of this
section ,  Field Analytical Procedure - Wastewater Discharge
Flow - Weirs.

Flumes  -- The conditions that must be met in a flume are
similar to those that occur at a weir or spillway crest;
water passing through the throat shall not be impeded by
downstream conditions (constrictions, bends in a channel,
obstructions).  Types of flumes include the Palmer- Bowlus,
Cutthroat, H, and Trapezoidal, but the most widely used is
the Parshall flume.  The Parshall flume is considered a
standard pri mary flow device when constructed and installed
as outlined in the USDI Water Measurement Manual  (1).  A
complete discussion of other types of flumes is given in
references 9, 10, 11, and 12.

All flumes shall be inspected to determine if the entrance
conditions provide a uniform influent flow distribution, the
flume dimensions conform to those given in the USDI Water
Measurement Manual  (1), the flume converging throat section
is level, and the throat section walls are vertical.  Useful
tools for checking the construction and installation of
Parshall (and other) flumes in clude a carpenter's level, a
framing square, and a measuring tape.  The flume shall be
closely examined to determine if it is discharging freely. 
If any question about free discharge exists, the downstream
head ( Hb) shall be measured and compared with the head at the
proper location (Ha) in the converging section.  A staff gage
is useful for making head measurements.  Any problems
observed during the inspection or study shall be noted in the
field log book.

A set of flume tables is necessary for calculating flows. 
The USDI Water Measurement Manual  (1), the Stevens Water
Resources Data Book  (7), and the ISCO Open Channel Flow
Measurement Handbook  (8) contain a complete set of tables.
The explanatory material accompanying these tables shall be
read and understood before they are used.  In many cases,
tabulated flow values are given for measured heads that are
not within the usable measurement range.
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Open Flow Nozzles  -- Open flow nozzles such as parabolic or
Kennison nozzles are factory calibrated and are ordinarily
supplied as part of a flow measurement system.  Calibration
and installation information for each nozzle shall be
supplied by or obtained from the manufacturer.  The accuracy
of these devices is reported to be often better than + 5% of
the indicated flow (10).  A framing square is useful for
checking the installation.  Volumetric flow measurement may
be used to check accuracy of this device if flow volumes are
not excessive.

Velocity-Area Method  -- The basic principal of this method is
that the flow in a channel (cubic feet/second) is equal to
the average velocity (feet/second) times the cross sectional
area (square feet) of the channel.  The velocity of the water
or wastewater is determined with a current meter; the area of
the channel is either measured or calculated using an
approximation technique in conjunction with a series of
velocity measure ments.  The USGS mid-section method and the
stream gaging techniques described in the USGS publication,
Discharge Measurements at Gaging Stations  (9) shall be the
standard practice of the DEQ.  This technique shall be used
(where appropriate) as an independent flow measurement to
verify the accuracy of existing flow measurement systems.

Slope-Area Method  -- The slope-area method consists of using
the slope of the water surface, in a uniform reach of
channel, and the average cross sectional area of that reach,
to estimate the flow rate of an open channel.  Flow rate is
estimated from the Manning formula (5, 6).  This method is an
estimation technique.
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11.3.8  Closed Conduit Flow Measurements

The accuracy of closed conduit flow measuring devices shall
be checked when necessary, by making an independent flow
measurement, preferably using a dilution technique.

Venturi Meter  -- The Venturi meter employs a conversion of
static head to velocity head whereby a differential is
created that is proportional to flow.  The typical accuracy
of a Venturi meter is given at 1% to 2% (10, 11, 12, and 13).

Orifice Meter  -- The Orifice meter is a pressure differential
device that measures flow by the difference in static head. 
Orifice meters require a 40 to 60 pipe diameters of straight
pipe upstream of the installa tion.  They can be quite
accurate, i.e., within 0.5%, although their usable range is
limited (10).

Flow Nozzle  -- The basic principle of operation is the same
as that of the Venturi meter.  The flow nozzle has an
entrance section and a throat, but lacks the diverging
section of the Venturi.  Flow nozzle accuracies can approach
those of Venturi meters (10).

Electromagnetic Flow Meter  -- The electromagnetic flow meter
oper ates according to Faraday's Law of Induction where the
conductor is the liquid stream, and the field is produced by
a set of electromagnetic coils.  The accuracy of the device
is within + 1% of full scale (10).

Other Closed Conduct Devices  -- References for other closed
conduit flow measurement methods such as acoustic flow
meters, trajectory methods, pump curves, and water meters can
be found in the NPDES Compliance Inspection  Manual  (2).
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11.3.9  Wastewater Discharge Flow - WEIRS

A.  EQUIPMENT:

1.  Measuring devices (yardstick, calibrated rod or
staff, or staff and measuring tape)

2.  Blue chalk

3.  Discharge table

B.  PROCEDURE:

1.  A weir is an overflow structure built across an
open channel to measure the rate of flow of water or
wastewater.  It consists of a rectangular or V-notch
opening having sharp edges and set vertically so that
the flow passes over it and falls away freely.  The
discharge is a function of the water in the pool
upstream from the crest relative to the crest
elevation, and the size and shape of the weir (see
illustration below).

2.  Some weir structures shall have a permanently
mounted staff gauge from which the head can be read. 
Discharge is determined from a table specific to the
kind of weir installed (V-notch, Cipolletti,
rectangular) or from a discharge equation.

3.  If no staff gauge is permanently installed, the
head must be measured manually.  Depending on the size
of the discharge channel, dropbox, or manhole, the
measuring device could be a yardstick or a staff or rod
several yards long.

4.  To measure the head, chalk the portion of the
measuring device in the area where the water line shall
terminate.  Sound the depth of the pool behind the
weir, taking the measurement at a point sufficiently
upstream to avoid the curve of the water surface over
the weir (a distance four times the maximum head on the
crest of the weir).  Using the wet line on the chalked
area to determine the pool depth, the head is
calculated by subtracting the crest height from the
height of the water surface.

5.  Determine discharge from a standard discharge table
appropriate for the kind of weir and angle of the V-
notch.

C.  SPECIAL INSTRUCTIONS:

1.  Be sure that tables used to calculate discharge are
appropriate for the kind of weir installed.

D.  REFERENCES:
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USGS (United States Geological Survey).  1980 National
Handbook of Recommended Methods for Water Data Acquisition. 
Chapter 1 - Surface Water.  1980.  Reston, Virginia

U.S. EPA (United States Environmental Protection Agency). 
Handbook for Sampling and Sample Preservation of Water and
Wastewater.  EPA-600/4-82-089.  Environmental Monitoring and
Support Laboratory.  Cincinnati, Ohio.

E.  PROJECTS:

NPDES Compliance Monitoring, Clark Fork Basin Study,
Intensive Surveys
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11.4  SURFACE WATER FLOW MEASUREMENTS

11.4.1 General

Surface waters are considered to be open channel for flow
measurement purposes.  All of the techniques used by DEQ
personnel to measure open channel flows have been discussed
in the wastewater flow measurement portion of this section. 
Except for very small surface streams, the installation of
primary flow devices is not practical.  Most surface water
flow measurements are made using classical stream gaging
techniques.  These techniques involve the use of the
velocity-area open channel technique discussed in the waste-
water portion of this section.  DEQ personnel shall use the
techniques outlined in the USGS publication Discharge
Measurements at Gaging Stations  (9) to:

Select the flow measuring site;

Perform stream gaging; and

Calculate flow.
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11.4.2  Techniques

Where possible, DEQ stream studies shall be conducted
utilizing the existing permanent stream gaging stations
operated by the USGS, the U. S. Army COE, or other federal or
state agencies.  These permanent gaging stations have estab-
lished water stage-discharge relationships that permit the
flow to be obtained from water stage measurements.  Staff
gage or recorder readings of a water stage at these stations
may be converted to flow by using the rating curve for that
gaging station.  The rating curve is available from the
operator of the perm anent gaging station.  An additional
benefit of using these permanent gaging stations is that
long-term flow records are generally available.

Where permanent gaging stations are not present, surface
water flows shall be measured utilizing classical stream
gaging techniques.  If a station is to be used more than once
during a water quality survey, a rating curve shall be
developed for that station.  This may be done by making a
series of independent flow measurements and simultaneous tape
down or staff gage measurements for that station at different
water levels.  The rating curve is developed using the same
measurement section each time; at least two, and
preferably three, flow measurement - tape downs shall be
made.  The flow measurements used to develop the rating curve
must bracket the lowest and highest flows encountered during
the study.  A tape-down rating curve is constructed by
plotting the tape-down measurements versus flows on a piece
of semi-log graph paper.
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11.4.3  Equipment Available (USGS National Handbook)

Equipment available to DEQ personnel for the measurement of
surface water or wastewater flows is categorized as follows :
 water level/stage hardware and recorders, velocity measuring
equipment and assemblies, and direct flow measurement
equipment and instrumentation.

The hardware available to DEQ personnel to determine the rise
and fall of a water surface with time (the water stage)
includes the following recording devices :  Stevens Model F
horizontal drum recorders and Stevens Model A-71 continuous
strip chart recorders, ISCO Model 1870 recording flow meters
used in the linear head mode, and ISCO Model 2870 recording
flow meters that have programmable functions.  Non-recording
equipment available includes vertical staff gages and tape-
down systems.

Instruments and equipment available to make velocity cross
sectional area measurements include current meters and
sounding (depth) equipment.  The current meters available to
DEQ per sonnel are the vertical-axis mounted Price AA and
Price pygmy meters (including direct readout meters), and
Marsh- McBirney solid state current meters.  Sounding
(determination of depth) is accomplished using a standard top
setting wading rod.  Width measurements are made by DEQ
personnel using a conventional surveyor's tape.

The equipment available for direct flow measurement includes
the following primary devices available for installation by
DEQ personnel :  V-notch weir plates and rectangular weir
plates.  Corresponding conversion of water level to flow rate
can be accomplished instantaneously from stage/staff gage
readings corresponding to the primary flow device in
use, or by instantaneous readings of the available recording
flow meter systems.  Continuous record ing systems available
are the ISCO Model 1870 and 2870 recording flow meters.
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11.4.4  Surface Water Flow Measurements ( Streamflow)

11.4.4.1  Flowmeter

McBirney Model 201

NOTE: Other stream flow measuring devices include the Price
AA meter and the pygmy meter. The pygmy meter is most useful
for streams with low discharge.

A.  EQUIPMENT

1.  Marsh - McBirney Model 201 Portable Water Current
Meter

2.  Flow meter wading rod, calibrated in one-tenth foot
intervals

3.  Flow data sheets (Section 21.1.1.5) and clip board
(with cord to put around the neck)

B.  PROCEDURE

1.  Set the selector switch to the CAL  position.  The
meter shall show black (the calibrate sector of the
scale) if the batteries are good and the instrument is
working properly.

2.  Attach the probe to the wading rod, making sure the
clamp screw is tight and the probe is properly
positioned (the clamp screw is vertical).

3.  Select a stream section where flows are mostly
parallel, where there are no sharp turns in water
direction, and the bottom is reasonably smooth.  The
more uniform a channel is in depth, velocity, and
substrate size, the more accurate the velocity
measurements shall be.  The section can be smoothed by
reshaping the edges, removing rocks from the bottom,
and removing branches, weeds, or grasses.

4.  Set a tag line or cloth tape across the section as
perpendicular to flow as possible.  Anchor both ends
securely to wooden stakes, trees, shrubs, or anchor
with rocks or other large or heavy objects.
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5.  Begin measurements at either the left or right
bank.  The initial point is generally the tape reading
of the waterline and often has no depth or velocity to
measure.  In this case, the first measurement is made
at the first point where there is adequate depth (at
least 0.2ft) and measurable velocity.  Measurements
(depth and velocity) can, at times, be made at one or
both waterlines.  In other situations, there may be no
flow for some distance from the streambank due to
stagnant water or backwater effects.  In such a case,
begin and end measurements in the verticals in the no
velocity zone at the edge of where positive flow can be
measured.

6.  Water depth is determined from calibrations on the
wading rod (three marks = 1 foot intervals, two marks =
one-half foot intervals, one mark = one-tenth foot
intervals); read depths ignoring the "pile-up" effect
of water on the wading rod.

7.  Velocity is measured at six-tenths depth from the
water surface by moving the probe support so that the
foot indicator marks align with the proper scale
reading (in hundredths of a foot).  Care must be taken
to keep the meter pointed directly into the flow and to
keep the rod in a vertical position.  Wait at least 20
seconds before reading the panel meter.  Because flow
velocity usually fluctuates, the recorded velocity
shall usually represent an "average" of the range of
velocities noted during the measurement period.

8.  Switch the selector switch to the proper velocity
range (2.5, 5, or 10 feet per second) as conditions
require.

9.  Measurement points are best set at whole foot or
half-foot intervals, depending on stream width.

C.  PRECAUTIONS

1.  The limit for wading is set by safety
considerations.  The amount of water that can be waded
safely varies slightly with each individual, but is
principally a function of velocity, depth, and
substrate stability and slickness.  Do not take chances
in gauging " unwadable" streams.

2.  The position taken when making wading measurements
can affect the velocity of the water passing the
current meter.  The best position is usually about 1 to
3 inches downstream from the tape, and eighteen inches
or more from the wading rod, holding the wading rod at
the tag line, and standing in a position facing the
bank.

D.  QUALITY CONTROL
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1.  Because flow is not a direct measurement (velocity,
depth, width, and area are measured first), the
accuracy of the method cannot be determined.  With
selection of good cross sections, and careful
measurements of depth and velocity, measured flow shall
be within 15% of true flow.

2.  Precision of the method (and technique of the
investigator) can be determined by measuring total flow
several times along the same cross section.

3.  Peak instrument performance can be ensured by
conducting the periodic maintenance tasks detailed in
the Instruction Manual.  These tasks include cleaning
of the probe, checking the meter zero, and checking the
condition of batteries.

E.  SPECIAL INSTRUCTIONS

1.  Because total flow determination in an open channel
is a summation or integration process, the overall
accuracy of the measurement is generally increased by
increasing the number of partial cross sections. 
Generally, 25 or 30 cross sections, even for extremely
large channels, are adequate depending on the
variability and complexity of the cross sectional shape
and flow patterns.  With a smooth cross section and
good velocity distribution, fewer sections may be used.
 Partial sections shall be spaced so no partial section
contains more than 10 percent of the flow.  The ideal
measurement would have less than 5 percent of the flow
in any one section.  This means that measurement points
are closer together in the deeper and faster parts of
the stream and spread out in the shallower and slower
parts of the stream.  On small streams, a spacing of
0.5ft or less may be necessary, and there may be less
than 20 measuring points.

2.  Occasionally, flows are not perpendicular to the
established cross section for its entire width.  If
high or low flows change flow patterns at an
established cross section, consideration shall be given
to temporarily or permanently moving a cross section
rather than using a substandard, established one.

3.  The following example demonstrates the calculations
made using the mid-section method of measurement.  The
mid-section method assumes that the velocity at each
sampling point represents the mean velocity in the
partial rectangular cross sectional area.  The partial
area extends laterally from half the distance from the
preceding meter location to half the distance to the
next, and vertically from the water surface to the
stream bottom.

F.  PROJECTS
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NPDES Compliance Monitoring, Clark Fork Basin Study,
Intensive Surveys

11.4.4.2  Stick Method

A.  Procedure

1. Find a reach of stream that is fairly straight, as well
as uniform in width and depth.  This will assure that
laminar flow is achieved to the greatest extent possible.

2. Measure the length of the reach (in feet) and mark each
end.

3. Determine mean width (from the waters edge) by taking
at least three transects within each reach.

4. Determine mean depth by measuring depth at multiple
points throughout the reach.

5. Release a small stick or other floating object at the
top of the reach and count the seconds to reach the lower
point.  Assure that the object stays in the main current.
Repeat at least twice.

B.  Calculation

1.  Mean width x mean depth = cross-sectional area (ft^2)
2.  Convert stick float time to ft/second                 

(i.e., 26 ft/15 sec = 1.7 ft/sec)
3.  Determine CFS (1 x 2).

Note: This method tends to underestimate flow somewhat due to
the slower velocity of water near the surface.  However, it
is a good general estimate of flow.
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11.4.5  References for Water Flow Measurements (From

National Handbook of Recommended Methods for Water-Data Aquisition)

1. Water Measurement Manual, Second Edition, Revised,
United States Department of Interior, Bureau of
Reclamation, 1974.

2. DEQ Compliance Inspection Manual, United States
Environmental Protection Agency, May 1988.

3. Fluorometric Facts, Flow Measurements, Nomograph,
Turner Designs Company, Mountainview, California, 1976.

4. "Measurement of Discharge by Dye Dilution Methods,"
Hydraulic Measurement and Computation, Book 1, Chapter
14, United States Department of the Interior,
Geological Survey, 1965.

5. King, H. W., and E. F. Brater, Handbook of Hydraulics,
Sixth Edition, McGraw-Hill, New York, 1976.

6. Davis, C. V., and K. E. Sorenson, Handbook of Applied
Hydraulics, Third Edition, McGraw-Hill, New York, 1969.

7. Stevens Water Resource Data Book, Third Edition,
Leopold Stevens, Inc., Beaverton, Oregon, 1978.

8. ISCO Open Channel Flow Measurement Handbook, Second
Edition, Second Print ing, Instrumentation Specialists
Company, Lincoln, Nebraska, 1985.

9. "Discharge Measurements at Gaging Stations," Hydraulic
Measurement and Computation, Book I, Chapter 11, United
States Department of Interior, Geological Survey, 1965.

10. "Sewer Flow Measurement :  A State-of-the-Art
Assessment," Municipal En viron mental Research
Laboratory, Office of Research and Development, United
States Environmental Protection Agency, Cincinnati,
Ohio, 600-275027.

11. A Guide to Methods and Standards for the Measurement of
Water Flow, United States Department of Commerce,
National Bureau of Standards, NBS Special Publication
421, 1975.

12. Wells, E. A. and H. B. Gotaas, "Design of Venturi
Flumes in Circular Conduits," American Society of Civil
Engineers, 82, Proc. Paper 928, April 1956.

13. American Society of Testing Mater ials, 1985 Annual Book
of ASTM Standards, Volume 11 - Water, American Society
of Testing Materials, Philadelphia, Pennsylvania, 1985.

14. Groundwater,  Section 18, USDA-SCS National Engineering
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Handbook ,United States Department of Agriculture, Soil
Conservation Service, 1978.
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11.6  FIELD WATER CHEMISTRY

11.6.1  Water Temperature

A.  EQUIPMENT

A thermometer of known immersion type marked in fractions of
a degree calibrated against National Bureau of Standards
(NBS) certified thermometer is desirable.

B.  REAGENTS None

C.  COLLECTION None

D.  FILTRATION None

E.  PROCEDURE

1.  Immerse the thermometer to the correct depth. 
Total immersion thermometers are designed to be
immersed to the top of the mercury column.  In
practice, keep the thermometer totally immersed until
the temperature stabilizes, and partially immersed when
reading the temperature.

76mm (3-inch) immersion thermometers are to be immersed
exactly to that depth.  Thermometers of this type
usually have a line etched at that point.

2.  Allow the thermometer to remain in the water until
the temperature stabilizes.

3.  Read the thermometer as accurately as possible. 
Estimate one decimal place more than the thermometer
markings.  Correct the reading and record on the data
card.

F.  PRESERVATION None

G.  PRECAUTIONS

1.  Since the water temperature in most streams is not
constant from bank to bank, care must be exercised when
measuring water temperature.  Avoid shallow, slow
moving sunlit areas.  Select a location in the main
flow of the stream, keeping the thermometer in the
shade.
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2.  Lakes show vertical temperature gradients, so the
temperature is measured at the same level the sample is
taken.  This depth is included in the site descrip tion
on the sample card.

3.  When using glass column alcohol thermometers,
special care must be taken to prevent breakage. Mercury
thermometers are not recommended because, when broken,
sample and environmental contamination is a
possibility.

H.  QUALITY CONTROL

Thermometers must be standardized at a minimum of two
temperatures (0 oC and 25 oC are preferable) by comparing
readings with an ASTM or NBS standardized thermometer. 
Correction factors shall be recorded permanently on the
thermometer.  Restandardization may be desirable
periodically.

I.  SPECIAL INSTRUCTIONS

A second thermometer shall be carried into the field as a
backup in case of breakage.

J. REFERENCES None

K. PROJECT

Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive Surveys
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11.6.2  pH

A.  EQUIPMENT

1.  Portable Mach One pH Meter, Model 43800-00

2.  50ml plastic beakers

B.  REAGENTS

1.  Buffers, pH 4.0, 7.0, and 9.0

2.  DI water

C.  COLLECTION

A sample can be placed in a 50ml plastic beaker for
measurement away from the stream.

D.  FILTRATION None

E.  PROCEDURE

1.  Turn the meter on (Press  "0").

2.  Press "pH".

3.  Press "AUTO" manual.   The "Auto" indicator shall
light.  The "S1" and "pH" indicators shall flash. 
Zeros shall appear on the display.

4.  Place the electrode in the pH 4.0 buffer and press
the Dispenser Button once.  For best calibration, allow
thirty seconds before pressing the key in step 5.

5.  Press "STANDARD" and wait until the pH indicator
stops flashing.  The "S2" indicator now shall begin
flashing.  The actual pH value shall appear in the
display.  If the solution temperature deviates from
25 C, the display shall show the actual pH and not
4.01.

6.  Rinse the electrode with deionized water.  Place
the electrode in the pH 7.0 buffer and press the
Dispenser Button.  Allow 30 seconds to elapse before
performing step 7.

7.  Press "STANDARD".  "S2" shall stop flashing.  Wait
until the pH indicator stops flashing.  The actual pH
value shall appear in the display.  If the solution
temperature deviates from 25 C, the display shall show
the actual pH and not 7.00.

8.  Pressing any other key than "pH" at this point
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shall cause the meter to revert to its previous
calibration, and the new calibration shall be lost.

9.  Press "pH".  Rinse the electrode with deionized
water, place into the sample, and press the Dispenser
Button.

10.  Swirl the sample gently.  The meter is now
measuring the pH.  Read the sample pH value in the
display after the stability indicator stops flashing. 
Stability is usually reached in 20-30 seconds.

F.  PRESERVATION None; analyze immediatel y

G.  PRECAUTIONS

Read the instrument manual before use to become more familiar
with key functions, one and two standard calibration
procedures, maintenance, troubleshooting, error codes, etc.

H.  QUALITY CONTROL

Check the meter periodically using a pH 7.0 or 9.0 buffer. 
If drift has occurred, recalibrate.

I.  SPECIAL INSTRUCTIONS

1.  Calibration may be better if done with buffers that
bracket the range of pHs being measured.  If measuring
lake and stream pHs, pH 7.0 and 9.0 buffers are more
likely to bracket the expected pH values than pH 4.0
and 7.0 buffers.

2.  If the screen displays a fluctuating reading or
gives an E1 error code, air bubbles in the electrode
solution tubing are causing trouble.  Dispense more
electrode solution with the Dispensing Button or by
turning the Priming Knob counterclockwise to remove the
air bubbles.

3.  The probe indicator shall remain on if the
calibration offset deviates from 0.0mV by 60 to 120mV
and/or the slope deviates from the ideal slope of
59.2mV/pH unit by 15 to 30% (the expected slope may
deviate from 59.2mV/pH unit by 5%; greater values
indicate that the meter is unable to detect stable
conditions).  Use the "REVIEW" key to note the offset
and slope.  Correct a wrong offset by a one-buffer
calibration.  Correct a wrong slope and offset by a
two-buffer calibration or return to the factory-set
calibration by removing the battery from the meter for
five seconds or longer.

J.  REFERENCES

Manual for Portable Hach One pH Meter Model 43800-00
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K. PROJECT

Clark Fork Basin Study, Intensive Surveys, Drinking Water
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11.6.3  Dissolved Oxygen ( Winkler Method)

A.  EQUIPMENT

Field Kit including:

1.  Two BOD bottles with glass stoppers

2.  One filler tube and rubber stopper

3.  One burette and 500ml reagent bottles

4.  One 250ml erlenmeyer flask

5.  One 200ml plastic volumetric flask

6.  Nail clippers, knife, or razor blade

7.  Small flashlight or penlight

8.  One plastic 100ml beaker

B.  REAGENTS

Manganous Sulfate Powder Pillows ( Hach Catalog No. 1071)

Alkaline - Iodine - Azide Reagent Powder Pillows ( Hach
Catalog No. 1072)

Sulfamic Acid Powder Pillows ( Hach Catalog No. 1073)

Phenylarsine Oxide (PAO) Standard Solution 0.025N ( Hach
Catalog No. 1070)

Starch Solution

C.  COLLECTION

1.  Rinse the BOD bottle three times with the sample
water.  Insert a filler tube-rubber stopper into the
BOD bottle, and place bottle in water as shown below:

2.  With a vented rubber stopper in place, hold the
bottle vertically under water with a rubber vent tube
above the water surface.  Fill the bottle completely,
making sure there are no trapped air bubbles.

D.  FILTRATION None
E.  PROCEDURE

1.  Add one powder pillow of manganous sulfate and one
powder pillow of alkaline-iodine- azide.  Add the
reagents slowly to avoid introducing air into the
sample.
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2.  Stop with care to exclude air bubbles and mix by
inverting the bottle at least 20 times.

3.  Allow floc to settle below numbers on the bottle. 
Shake and allow to settle again.

4.  Carefully add one powder pillow of sulfamic acid,
re-stop, and mix by gentle inversion until floc
dissolves.  At this point, samples may be stored a few
hours in the dark without changing the results.

5.  Rinse the small volumetric flask several times with
a small volume of an acidified sample.  Insert the
flask mouth into the BOD bottle and invert to fill the
flask (for a 300ml sample bottle, 203ml volume is taken
for titration).

6.  Fill the burette with PAO solution using the
squeeze bulb.  Zero the initial reading by gently
tapping the burette.

7.  Rinse the erlenmeyer flask several times using the
excess acidified sample from the BOD bottle.  Pour the
sample from volumetric flask into the erlenmeyer flask.
 Titrate with PAO, swirling the flask gently, to a pale
straw color.

8.  Add 12-15 drops of starch solution and continue
titration to the first disappearance of the blue color.
 Refill the burette if more than 10ml of titrant is
required.

9.  Final burette reading equals mg/L of dissolved
oxygen.  Record to nearest 0.05mg/L.

F.  PRESERVATION None ; sample may be stored temporarily
(refer to Procedure step 4).
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G.  PRECAUTIONS

1.  Certain oxidizing agents cause positive
interferences; certain reducing agents cause negative
interferences ; certain organic compounds partially
obscure the titration endpoint.  Higher concentrations
of ferrous or ferric iron also reduce accuracy.

2.  Starch solution shall be as fresh  as possible. 
Old starch solution may make the endpoint difficult to
observe.

3.  Keep fixed samples out of direct sunlight.

4.  Using PAO of a different normality shall require a
conversion of the final reading.

H.  QUALITY CONTROL

  A dupli cate shall be analyzed near the beginning of a survey
to assess analytical technique.

I.  SPECIAL INSTRUCTIONS None

J.  REFERENCES

Standard Methods, 15th Edition, pp 388-393.

K.  PROJECTS

Clark Fork Basin Study, Intensive Surveys
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11.6.4  Dissolved Oxygen(DO Meter Method)

A.  EQUIPMENT

YSI Model 54A Oxygen Meter with probe and acces sories
(membran es, KCl probe solution, o-ring, razor blade)

B.  REAGENTS None

C.  COLLECTION

Samples for the measurement of dissolved oxygen shall be
collected very carefully so that atmospheric oxygen is not
introduced into the sample.  Avoid aeration, turbulence, or
any other kind of agitation that could introduce air into a
sample.

D.  FILTRATION None

E.  PROCEDURE

1.  Calibration

a) Switch the instrument to  OFF  and adjust the meter
to mechanical zero.

b)  Switch to RED LINE  and adjust to zero.
c) Plug the probe into the instrument, and wait 10 to

15 minutes for the probe to polarize.  Keep the
probe in a high humidity environment (i.e., a
calibration chamber).

d) Switch to ZERO  and adjust to "0" on the PPM scale.
e)  Switch to TEMP  and read on C scale.
f) Use the probe temperature and true local

atmospheric pressure (or elevation above sea level)
to determine the calibration values from Tables I
and II on the back of the meter.

g) The correct calibration value is calculated by
multiplying the DO concentration at the probe
temperature by the factor for the station
elevation.

h) Switch to 0-10 or 0-20ppm DO range and adjust the
meter with CAL  control to the calibration value
determined in step g.

2.  Measurement

a)  Place probe in sample and stir.
b) Allow sufficient time for probe to stabilize to the

sample temperature and dissolved oxygen
concentration.

c) Read the dissolved oxygen on the approp riate range.

F.  PRESERVATIONS
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None; measure dissolved oxygen immediately

G.  PRECAUTIONS

1.  Before using the probe, check the membrane for
wrinkling or for bubbles in the solution underneath the
membrane.  If either condition exists, refill the probe
with KCl solution and replace the membrane.

2.  Avoid agitation of the sample (see step C).

H.  QUALITY CONTROL

When possible, a Winkler titration shall be performed on a
sample to check the meter's performance.

I.  SPECIAL INSTRUCTIONS

1.  Sluggish or erratic meter performance could
indicate that the probe solution or membrane needs
replacing.

2.  The instrument shall be left on ZERO  between
measurements to avoid having to repolarize the probe.

J.  REFERENCES

Instructions for YSI Model 54 Oxygen Meter

K.  PROJECTS  Intensive Surveys
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11.6.5  Specific Conductance

A.  SCOPE AND APPLICATION

This method is applicable to ground, surface, and saline
waters, in addition to domestic and industrial wastes.

B.  SUMMARY OF METHOD

The specific conductance of a sample is measured by the
use of a self-contained conductivity meter, Whetstone
bridge-type, or equivalent.

Samples are p referably analyzed at 25 C.  If not,
temperature corrections must be made and the results
reported at 25 C.

C.  TEST PROCEDURE

1.  Follow instructions manual for the specific field
conductivity meter used.

2.  Check the meter with two standard solutions of
approximate specific conductances of 100 and
1,000umhos/cm, or standards that bracket the expected
sample conductance.  If the meter does not read within
one percent of the standards, determine what the
problem is and correct it before proceeding.  Most
field instruments read conductivity directly; with
those instruments, follow the manufacturer's
instructions.  Report the results to the nearest ten
units for readings less than 1,000umhos/cm and the
nearest 100 units for readings more than 1,000umhos/cm.

3.  Record the actual sample temperature when the
measurement is made.  The meter reading shall be
converted to specific conductance at 25 C using the
information in the manufacturer's instruction manual.
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D.  APPARATUS SECTION

Beckman SoluBridge  Model RB-5/RB-6

YSI Model 3530 Flow Through Cell

Hydrolab Corporation Surveyor II

E.  PRECISION AND ACCURACY

These conductivity meters have an accuracy of + 2% of
reading.  With satisfactory equipment, results within 1% of
the true value shall be obtained.

F.  REFERENCES

Standard Methods for the Examination of Water and Wastewater,
16th Edition, p. 76, Method 205 (1985).

Annual Book of ASTM Standards, Part 31, "Water," Standard
D1125-64, P. 120.

Methods for Chemical Analysis of Water and Wastes, US-EPA,
120.1 (1983).

Instruction Manual, SoluBridge  RB-5/RB-6, Beckman
Instruments, Inc., Rev. January 1982.

Surveyor II Operating Manual, Hydrolab Corporation, Rev. A 
February 1985.

YSI Model 3560 Water Quality Monitoring System Instructions,
July, 1988.
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11.6.6  Free and Total Chlorine( Colorimetric Method)

A.  EQUIPMENT

Hach Free and Total Chlorine Test Kit, Model CN-70

B.  REAGENTS

1.  DPD Total Chlorine Reagent Powder Pillows for 25ml
Sample, Catalog No. 14064

2.  DPD Free Chlorine Reagent Powder Pillows for 25ml
Sample, Catalog No. 14070

C.  COLLECTION

No special instructions are required for the collection of
the samples.

D.  FILTRATION   None

E.  PROCEDURE

1.  Rinse the square mixing bottle thoroughly with the
sample water.  Fill the bottle to the 25ml mark.

2.  Add the DPD free chlorine or DPD total chlorine
powder pillow to the bottle.  Swirl the bottle until
most of the reagent has dissolved.

3.  Fill one viewing tube to the 5ml mark with the
prepared sample.

4.  Hold the color comparator with the front facing you
(Hach logo is visible).  Insert the tube of the
prepared sample into the top right opening of the
comparator.

5.  Fill the second viewing tube with an untreated
water sample.  Insert this tube into the top left
opening.

6.  Hold the comparator up to a light (sky, window,
lamp) and view through the openings in the front. 
Rotate the disc to obtain a color match.

7.  Read the mg/L free chlorine through the scale
window within one minute of the addition of the
powder.



Section No.  11.0 
Revision No.    0  

Date:  4/1/95

11-06.DOC

F.  PRESERVATION None

G.  PRECAUTIONS

1.  High concentrations of monochloramine shall
interfere with the results of the free chlorine test. 
The free chlorine concentration must be read within one
minute of adding the reagent.

2.  This method is only acceptable for potable water. 
The spectrophotometric method needs to be used for
wastewater or ambient samples due to the increase
accuracy of this instrument.  Regulation 40 CFR 136
(NPDES) does not allow the colorimetric method for
regulatory purposes.

H.  QUALITY CONTROL

Check the method against a laboratory spectrophotometer, or
test laboratory-prepared chlorine standards.

I.  SPECIAL INSTRUCTIONS

This procedure is applicable for free or total chlorine
concentrations of 0 to 3.5mg/L.  If a more accurate
measurement of low concentrations (0.0-0.7mg/L) is desired,
the following modifications to the procedure must be made:

1.  Fill the viewing tubes (steps E3 and E5) to within
1/16 inch of the top.  The tubes must be stoppered
carefully to exclude air bubbles.

2.  The lengthwise viewing adapter and tubes must be
inserted as shown in the diagram below:

3.  Divide the value read from the scale windows by 5
to obtain the mg/L free or total chlorine

J. REFERENCES

Instructions for Hach Free and Total Chlorine Test Kit, Model
CN-70

K. PROJECTS Drinking Wat er
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11.7  MULTIMETERS

11.7.1  Horiba Water Quality Checker U-10

The U-10 Water Quality Checker is an instrument for
simultaneous multiparameter measurement of water quality. The
Horiba U-10 measures six different parameters of water
samples: pH, conductivity, turbidity, dissolved oxygen,
temperature, and salinity.

The U-10 is relatively compact and easily transported.
Measurements are taken simply by immersing the probe right
into the water sample.  The U-10 can store up to 20 data sets
in memory.

The U-10 is easily calibrated using standard pH 4.0 buffer.
Using the Auto-calibration procedure, the instrument
automatically calibrates pH, conductivity, dissolved oxygen
(atmosphere), and turbidity.  If more accuracy is desired, a
two-point calibration can be performed.

The U-10 auto-calibration accuracy appears to be good for
conductivity (5%).  The pH tends to drift on low conductivity
samples (<300umhos/cm) and has a 0 .5 pH units accuracy.  For
higher conductivity waters, the pH has an accuracy of 0.1 pH
units.  Dissolved oxygen has an accuracy of about 2ppm and
has a tendency to drift.  The dissolved oxygen reading is
sensitive to significant changes in the temperature and/or
atmospheric pressure that may occur while transporting the
meter in a vehicle.  In addition, the dissolved oxygen must
be corrected for altitude because the U-10 was originally
calibrated at sea-level.  The correction factors are found on
the graph below. To reduce drifting, the dissolved oxygen
meter must be allowed to equilibrate to its environment
before taking a reading.  The turbidity reading is the least
accurate of the tests and shall only be used to compare one
site from another.

REFERENCE Instruction Manual/Altitude Correction
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11.7.2  Hydrolab Scout 2

The Hydrolab Scout has a multiprobe capable of measuring
temperature, pH, dissolved oxygen, conductivity, salinity,
depth, and redox potential.  The multimeter has a 100 meter
cable attaching the multiprobe to the Scout 2 Display unit.
The Hydrolab Scout 2 is most useful when rapid collection of
data from a lake or deep river environment is desired.

The Hydrolab Scout can also be programmed to record water
quality readings unattended in a stationary environment at
preset time intervals.  However, this is not recommended by
the DEQ due to potential theft, vandalism, or catastrophes.
The replacement cost of the Hydrolab Scout and multiprobe
exceeds $6000.

If calibrated correctly the Hydrolab field multimeter can
have a precision and accuracy similar to that of laboratory
pH, conductivity, and oxygen meters. 
REFERENCE Instruction Manuals
PROJECT Clean Lakes
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11.8  SEDIMENT COLLECTION

A variety of methods can be used to collect a sediment sample
underlying a waterbody.  Dredging (Peterson, Ekman, Ponar),
coring, and scooping (BMH-60) are competent methods.  Regardless
of the method, precautions must be taken to insure that the sample
collected is representative and sediment samples collected for
chemical analysis are thoroughly mixed (except purgeable organic
compounds analysis) before being placed in the appropriate sample
containers.

These methods are discussed in the following paragraphs.

11.8.1 Lake Sediment (Ekman and Ponar Grab Samplers)

For routine analyses, the Peterson dredge can be used when
the bottom is rocky, in very deep water, or when the stream
velocity is high.  The dredge must be lowered very slowly as
it approaches bottom, because it can displace and miss
lighter materials if allowed to drop freely.

The Ekman dredge has only limited usefulness.  It performs
well where bottom material is unusually soft, as when it is
covered with organic sludge or light mud.  It is unsuitable,
however, for sandy, rocky, and hard bottoms and is too light
for use in streams with high velocities.  It can not be used
from a bridge more than a few feet above the water, because
the spring mechanism that activates the sampler can be
damaged by the messenger if dropped from too great a height.

The Ponar dredge is a modification of the Peterson dredge and
is similar in size and weight.  It has been modified by the
addition of side plates and a screen on the top of the sample
compartment.  The screen over the sample compartment permits
water to pass through the sampler as it descends thus
reducing the "shock wave."  The Ponar dredge is easily
operated by one person in the same fashion as the Peterson
dredge.  The Ponar dredge is one of the most effective
samplers for general use on all types of substrates.
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11.8.2  Wetland or Littoral Zone Sediment (Core Sampler)

Core samplers are used to sample vertical columns of
sediment.  They are particularly useful when a historical
approach to sediment deposition is desired for they preserve
the sequential layering of the deposit.  Many types of coring
devices have been developed depending on the depth of water
from which the sample is to be obtained, the nature of the
bottom material, and the length of core to be collected. 
They vary from hand-push tubes to weight or gravity driven
devices.

Coring devices are particularly useful in pollutant
monitoring because the "shock wave" created by descent is
minimal, thus the fines of the sediment-water interface are
only minimally disturbed.

The sample is withdrawn intact permitting the removal of only
those layers of interest.  Core liners manufactured of glass
or Teflon can be purchased, thus reducing possible sample
contamination.  The samples are easily delivered to the lab
for analysis in the tube in which they were collected.

The disadvantage of coring devices is that a relatively small
surface area and sample size is obtained often requiring
repetitive sampling to obtain the required amount for
analysis.  Since it is felt that this disadvantage is offset
by the advantages, coring devices are recommended in sampling
sediments for trace organic compounds or metals analyses.

In shallow, wadeable waters, the direct use of a core liner
or tube manufactured of Teflon or glass is recommended for
the collection of sediment samples.  Their use can also be
extended to deep waters when SCUBA equipment is available. 
Teflon is preferred to avoid glass breakage and possible
sample loss.  Stainless steel push tubes are also acceptable
and provide a better cutting edge and higher strength than
Teflon.  The use of the glass or Teflon tube by itself
eliminates any possible metal contamination from core
barrels, cutting heads, and retainers.  The tube should be
about 30.5cm (12in) if only recently deposited sediments
20.3cm (8in) or less are to be sampled.  Longer tubes shall
be used when the depth of the substrate exceeds 20.3cm.
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Soft or semiconsolidated sediments such as mud and clays have
a greater adherence to the inside of the tube and thus should
be sampled with larger diameter tubes.  Because coarse or
unconsolidated sediments such as sands and gravel tend to
fall out of the tube, a small diameter tube is more 
appropriate.  A tube about 5.1cm (2in) in diameter is usually
the best size.  The wall thickness of the tube should be
about 0.83cm (0.33in) for either Teflon or glass.  The inside
wall may be filed down at the bottom of the tube to
facilitate entry of the liner into the substrate.

Caution must be exercised to not disturb the area to be
sampled when the sample is obtained by wading in shallow
water.  The core tube is pushed into the substrate until only
10.2cm (4.0in) or less of the tube is above the sediment-
water interface.  When sampling hard or coarse substrates, a
gentle rotation of the tube while it is pushed will
facilitate greater penetration and cut down on core
compaction.  The tube is then capped with a Teflon plug or a
sheet of Teflon held in place by a rubber stopper or cork. 
After capping, the tube is slowly extracted, the negative
pressure and adherence of the sediment keep the sample in the
tube.  Before pulling the bottom part of the core above the
water surface, it too is capped.
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11.8.3  Grab Samples (Scooping)

If the water is wadeable, the easiest way to collect a
sediment sample is to scoop the sediment using a stainless
steel spoon or scoop.  This reduces the potential for cross-
contamination.  For streams, this can be accomplished by
wading into the stream, and while facing upstream (into the
current), scooping the sample along the stream bottom in the
upstream direction.  If the stream is too deep to wade but
less than 2.4m (8ft) deep, a stainless steel scoop attached
to a piece of conduit can be used either from the banks if
the stream is narrow or from a boat.
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11.8.4  Total Suspended Sediment (TSS)

A.  EQUIPMENT (Depth-integrated sampling)

1.  US DH-48 Suspended Sediment Hand Sampler with
0.64cm (0.25in) nozzle

2.  One glass pint TSS sample bottle with 0.64cm
(0.25in) clean nozzle

3.  One liter polyethylene sample bottle

4.  One plastic funnel

B.  COLLECTION

1.  Determine the appropriate sampling interval width,
based on the length and depth of the cross section and
flow velocity.  Visually inspect the cross section from
bank to bank, observing the velocity and depth
distribution, and apparent distribution of sediment in
cross section.  Determine the size of the interval that
represents approximately 10% of the flow at that part
of the cross section where the "unit width discharge"
is the largest or has greatest concentration of
sediment is moving.  This interval size must then be
used for the entire cross section.  The number of
sections is generally not less than 10 nor more than
20.

2.  Begin sampling where there is sufficient depth and
velocity.  In shallow water, there is the chance of
disturbing the sampling bedload, which is not material
in true suspension.  In very sluggish water, the sample
bottle shall not readily fill.

3.  Take samples at the predetermined interval.  The
sampler containing the sample bottle is lowered from
the surface of the water to the streambed and
immediately raised back to the surface, at a constant
rate with the nozzle pointed directly into the flow.

4.  Using the same bottle, sample intervals until the
bottle is filled to within about 6.4 to 7.6cm (2.5 to
3in) from the top (about 400ml).  Do not overfill, as
secondary circulation and enrichment of heavy particles
may occur.
5.  Rinse the funnel in the stream, and use it when
pouring the sample from the sample bottle into the    l
liter polyethylene bottle.  After most of the sample
has been transferred, swirl the remaining sample to
resuspend any remaining sediment before transferring
the remaining water. 

6.  Fill the 1 liter polyethylene bottle no more than
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75% full, leaving sufficient room for agitation and
complete mixing.  The more suspended solids, less
sample must be collected.  Collect at least 500ml for
laboratory analysis.

7.  Determine a vertical transit rate that will yield
about 800ml (approximately two bottlesful) of sample in
one traverse of the cross section.

C.  FILTRATION None

D.  PRESERVATION Chill to < 4 Co

E.  PRECAUTIONS

1.  Do not disturb the streambed by bumping the sampler
onto it, or dislodged material from the bed may enter
the nozzle, giving incorrect results.  Each bottle must
be inspected.  If coarse material is present, the
bottle is emptied and rinsed, and the section is
resampled using the same sampling intervals.

2.  If a bottle is overfilled, the bottle is emptied,
rinsed, and the section is resampled using the same
sampling intervals.

F.  QUALITY CONTROL

When duplicate TSS samples are collected, use the same
sampling intervals and vertical transit rate.
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G.  GRAB SAMPLES - SPECIAL INSTRUCTIONS

There are occasions when grab sampling for TSS shall be
desirable.  Some of these are:

1.  Stream velocity is too fast to safely wade the
cross section.

2.  Large floating and/or submerged debris is present.

3.  Stream depth is very shallow.

4.  Stream velocity is very slow.

5.  Stream width and depth are too great to depth
integrate.

When grab sampling a stream too shallow to depth integrate,
immerse a hand-held bottle in the centroid of flow with the
mouth of the bottle directed toward the current.  Care must
be taken to avoid getting the mouth of the bottle too close
to the streambed.  When grab sampling a stream too large or
too deep to depth integrate, grab sample in a location where
velocity is representative and at a depth approximately one
half the distance from the water surface to the streambed. 

H.  REFERENCES

Field Guidelines for Collection, Treatment, and Analysis of
Water Samples, Montana District US Geological Survey.  Open
File Report 85-409.

"A Study of Methods Used in Measurement and Analysis of
Sediment Loads in Streams.  Report J., Operating Instructions
for US DH-48 Suspended Sediment Hand Sampler:  Intra-Agency
Committee on Water Resources, Subcommittee on Sedimentation,
1965.

I.  PROJECT

Clark Fork Basin Study, Intensive Surveys
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11.8.5  Sediment Collection for Trace Metal Analysis

Contamination of a waterbody with trace metals is not always
detectable in the water column.  Therefore, other
measurements are needed to determine if a waterbody has been
impacted by trace metals.  These measurements may include
collecting biological samples or sampling the sediments
deposited from the water column. 

Trace metals entering a waterbody may not be detectable in
the water column because they may have precipitated, or
adsorbed to organic particulates or fine sediments.  Also,
contamination from an intermittent source may have been moved
past the sample site (i.e., flushed out).

A.  GRAB SAMPLE ANALYSIS

Sediment samples collected using methods in Sections 10.1 may
be analyzed for trace metals to identify potential sources of
water column pollutants.  The laborator processes the sample
by oven drying at 40 C and pulverizing with a pestle and
mortar. 

A subsample is then digested with nitric acid, diluted,
analyzed for total recoverable metals and reported in ug/kg
(ppm) as dry weight (oven dry).

If there is a desire for temporal or spatial comparability of
total recoverable metal results it may be important to have
information regarding particle size and total organic carbon
(TOC) content of the sediment.  This information assists in
determining the variations in the sample physical features
that may influence attenuation of trace metals by the
sediment.  A sediment sample containing large amounts of
silts, clays, or TOC is more likely to adsorb trace metals.

B.  Separating Sands from Fines by Sieving

One method developed to collect samples that are comparable
is by sieving the sediment fines.  Saturated sediment is
collected and sieved in the field via gravity or a hand
vacuum pump through a 0.062mm nonmetallic mesh inserted onto
a large diameter plastic funnel.  The 0.062mm mesh size
separates fines from sands.  Site water is used to wet sieve
100 grams of fines into a 1 liter container.  The sample is
kept chilled at 4 C and delivered to the laboratory.

At the laboratory the excess water is decanted, and
evaporated from the fines by oven drying at 40 C.  A
subsample can then be analyzed for total recoverable trace
metals and TOC.

C.  SEDIMENT SAMPLING METHODS

Equipment:
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--1 1000mL or 2000mL sample bottle
--Two-piece plastic Buchner funnel
--2 pieces of spectra nylon mesh filter paper (60 micrometer
pores)
--Plastic spoon
--1 250mL periphyton bottle
--1 used 1000mL sample bottle
--1 large nitric acid ampule
--1 1000mL wash bottle filled with DI water

Method:

First identify at least 5 wadeable, depositional zones at the
site being assessed.  These zones must be made up of VERY
fine bed sediment, since uniform size sediment is being
filtered through a mesh with pores of 60 microns in diameter. 
Depositional zones will be found on the inside bends of the
stream, shallow waters near the shore,  or areas just
downstream from obstacles such as boulders, islands, sand
bars, etc.  These zones must represent the entire stream
reach as best as possible, so it is important to identify as
many zones as is necessary to accomplish this.  A composite
sample of sediment will be taken from the zones that have
been identified.  At each zone, subsamples will be taken. 
The number of subsamples will be determined by the areal size
of the zone (the larger the areal size, the greater the
number of subsamples that should be collected).  This is done
in order to get a complete representation of each zone. 
Sediment should not be scooped from one spot in the zone, but
from the entire zone. 

Before taking any samples, the equipment must be cleaned. 
Take the nitric acid ampule and pour it in the 1000mL wash
bottle filled with DI water.  Wash off all of the equipment
by spraying the dilute nitric acid over the used 1000mL
sample bottle which will be used to collect the nitric acid. 
Place the tephlon 60 micron sieve between the two pieces of
the buchner funnel.  

At the first zone, scoop sediment from the stream bed and
place it on the sieve in the funnel.  Scoop sediment from
various places in the zone to represent the zone (as
discussed above with areal size).  Fill the funnel about an
inch and a half deep with the very fine sediment.  Too little
an amount of sediment will not give enough filtered particles
and too much will do damage to the mesh.  One inch to 1 ½
inch is sufficient.  Make sure the sediment completely covers
the mesh filter and add ambient stream water using the
periphyton bottle as a scoop.  Once the water is added, stir
the water and sediment being very gentle not to damage the
filter mesh.  If the composite sample is to be made up of 6
different zones, for example, make sure that you fill the jar
no more than 1/6 full.  This will help get a more
representative sample of the stream reach.  The less water
the better, but you must get at least 1cm of filtered
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sediment in order for analysis.  Once the first zone is
completed pour the excess sediment out and move to the next
zone.  

At the second zone, rinse the equipment with stream water and
then repeat the steps from the first zone.  Do the same for
the remaining zones until the jar is filled.  As was stated
above, you do not need to completely fill the 2L bottle.  The
least amount of water, the easier it will be for the lab to
analyze the sample.  There must be at least 1 cm of filtered
sediment for analysis.

Once done, close the jar and rinse off the equipment.  Place
a removable label on the jar with the name of the site, date,
recorders’ names, the number of zones making up the composite
sample, and any other pertinent information.  The jar should
be stored in a cooler and kept cool until delivered to the
lab.  DO NOT preserve the sample.  Allow the filter mesh to
dry separate from the funnel so it is not damaged.  Only one
sample is necessary for each site.  Deliver the sample to the
lab for ICP scan of metals present.  Make sure bottles are
acid soaked and returned after analysis.

D.  REFERENCES

Methods of Soil Analysis. Part 1 - Physical and Mineralogical
Properties, Including Statistics of Measurement and Sampling.
1965. Chapter 43 - Particle Fractionation and Particle-Size
Analysis.

Methods of Soil Analysis. Part 2 - Chemical and
Microbiological Properties. 1965.  Chapter 90 - Organic
Carbon.

National Handbook of Recommended Methods For Water-Data
Acquisition. 1977. Office of Water Data Coordination,
Geological Survey, U.S. Department of the Interior, Reston,
Virginia. Chapter 3 - Sediment.
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11.8.6 Percent Fines Calculation

Methods for Determining Percent Fine Sediments in Stream
Beds

Sediments that are smaller than six millimeters in
diameter are classified as fine, and the concentration of
these sediments in a streambed is given as a percent of the
total sediment.  DEQ procedures for classifying percent fines
are a modification of the procedure used by the U.S. Forest
Service.  The method used by the DEQ facilitates easier
viewing of the substrate, as well as a simplified sampling
procedure.

Site Selection

The samples are t aken in pool tails and riffles,
depending on the relative abundance of each in the stream
reach being assessed.  For example, if the reach contains 70%
riffles and 30% pools, then 70% of the sediment samples should
come from riffles and 30% from pool tails.  Samples within the
pools and riffles are taken at random.

Sampling Parameters

The DEQ has determined that at least six samples need to
be taken to achieve a stable level of variability.  A series
of test samplings was run ; the first involving only one
sample, the last involving ten samples.  The standard
deviation for the percent fine sediments of each set was
calculated, and the difference between the deviation of each
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set began to level out at six samples.  More than six samples
do not significantly affect the accuracy of the assessment,
but fewer than six and the accuracy is noticeably affected, as
seen in the graph below. 

Equipment

Equipment for this procedure consists of a five-gallon
bucket with a clear grid in the bottom.  The grid is made of
lines intersecting every inch to form 49 intersections (the 4
corners are cut off to make 45).  Each intersection is left
empty to form a space 6 mm long on each line to aid in
determining sediment size.  The grid material itself is a
clear acrylic (plexi-glass).  A square just large enough to
view 45 of the intersections is cut in the bottom of the
bucket, and the grid is glued on.  Four legs, approximately 1
inch long, are glued to the bottom to hold the bucket up off
of the sediment.  A brightly painted rock, about the size of
a baseball, is also used.

Procedure

To take samples, toss the rock out into the stream as
randomly as possible.  Place the center of the grid over where
the rock settled, and count the number of intersections where
sediment smaller than 6mm is present.  Repeat this procedure
until 6 samples have been collected.

Calculations

The percent of the sediments in the stream that are fine
is calculated by dividing the number of fine sediments in each
sample by the total number of intersections.  The average of
the six samples is calculated, and this number represents the
percent of the sediments in this section of stream that are
classified as fine.

References

R1/R4 Fish and Fish Habitat Standard Inventory Procedures
Handbook.  USDA, Forrest Service.  May, 1997
pp. 30
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11.9  WATER COLLECTION

11.9.1  Grab Samples (Streams)

A.  EQUIPMENT

1.  Sample bottles (plastic or glass appropriate for
the constituent being sampled and sized for the amount
required for analysis)

2.  Preservatives

B.  COLLECTION

1.  Select a spot where the sample shall represent the
stream or river.  In small, wadable streams, a sample
collected mid-depth at midstream is usually assumed to
represent the source.  If flow patterns, depth, or
another feature suggests that such a location would
probably not produce a representative sample, select a
better place to sample.

2.  Sample bottles shall be identified with the
following information (using a sample label or
indelible pen) :  station name and number, date,
parameters (metals, nutrients, TSS/VSS, commons), and
preservatives.

3.  Stand in the stream facing upstream.  Rinse out the
bottles three times with the source water.  Fill
bottles, leaving enough room for the preservative. 
When collecting TSS, fill the bottle no more than 75%
full which allows the laboratory analyst to thoroughly
mix the sample before aliquoting.

4.  Preserve samples following recommended EPA
guidelines (refer to Section 10.5).

C.  FILTRATION

Filtration is required only for the collection of dissolved
constituents.  Refer to the specific procedure of interest
for sample filtration.
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D.  PRESERVATION

Samples must be preserved following recommended EPA
guidelines (refer to EPA Handbook Section 3.1.4).

E.  PRECAUTIONS

1.  Be sure that the inside surfaces of sample bottles
and bottle caps are not touched or come into contact
with some object or material that could contaminate the
sample.

2.  Check sample bottles to make sure that bottles are
correctly identified with the required information. 
Make sure samples are promptly and correctly preserved.

3.  Tighten the bottle caps securely to avoid loss of
contents.

F.  QUALITY CONTROL

The most important aspects of quality control in the
collection of water quality samples are:

1.  Samples collected represent the source at the time
the samples are collected, and that these samples shall
produce the quality of information necessary to meet
the objectives of the survey.

2.  The integrity of the samples collected is not
compromised by contamination, misidentification, or
improper sample handling or preservation.

G.  SPECIAL INSTRUCTIONS

Several water quality constituents require a slight
modification in the collection procedure.  For example,
sample bottles for oil and grease, and volatile organic
compounds shall not be rinsed with the source water before
filling.  This method is acceptable for most commonly
analyzed constituents (BOD, COD, TSS, commons, metals,
nutrients).  Consult a reference or a laboratory analyst
about sample containers, preservatives, collection
procedures, etc., when samples are collected for less routine
analysis. 

H.  REFERENCES

U.S. EPA (U.S. Environmental Protection Agency).  1982
Handbook for Sampling and Sample Preservation of Water and
Wastewater, U.S. EPA-600/4-87-049, Environmental Monitoring
and Support Laboratory, Office of Research and Development,
Cincinnati.
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11.9.2  Dissolved Nutrients or Metals

A.  EQUIPMENT

1.  One 500ml. wide-mouth polyethylene collection
bottle ( Nalgene or equivalent)

2.  One Swin-Lok nuclepore filter holder (with 47mm
diameter, 0.45um Gelman Supor-450 membrane filter and
47mm diameter Whatman GF/C glass fibre prefilter)

3.  One 60ml syringe ( Charise)

4.  One 150ml polyethylene sample bottle

5.  One 100ml polyethylene sample bottle

B.  COLLECTION

Rinse the 500ml bottle three times with the ambient water
sample.  Fill the bottle to within several millimeters of the
top, then cap.  If the sample contains significant suspended
solids that might making filtering difficult, allow the
sample to settle no longer than 1 hour.

C.  FILTRATION

1.  Draw 50ml of sample into the syringe.  Insert
syringe into filter holder cap and purge the filter
with water.  Waste the filtrate.

2.  Detach syringe and draw another 50ml of sample. 
Filter approximately 25ml into each sample bottle. 
Rinse bottles with filtrate and discard rinse water.

3.  If collecting for Soluble Reactive Phosphorus
(SRP), filter 50ml of water into the 100ml bottle. 
Label the bottle for SRP analysis (Do not preserve).

4.  If collecting for dissolved nutrients, filter 100ml
of water into the 150ml bottle.  Immediately preserve
with H 2SO4.  Label for analysis of N (dissolved NH 3 and
dissolved NO 2 + N0 3) or P (dissolved ortho-phosphorus;
Note: this is not the same as soluble reactive
phosphorus).
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D.  PRESERVATION

For dissolved nutrients, dilute H 2SO4 for N (provided by
laboratory in marked ampules) to compensate for a smaller
sample size than is used for total nutrients (100 ml verses
250 ml).  Do not use any preservative for SRP.  Chill to
<4 C.  SRP must be analyzed within 48 hours; sample to be
analyzed for N must meet the recommended holding times.

For metals, use dilute HNO3 to compensate for a small sample
size.

E.  PRECAUTIONS

1.  Special care must be taken to avoid sample
contamination.  Do not touch the surfaces of any
filtration apparatus (syringes, filter holder inlet or
outlet, caps of collection or sample bottles) which
shall come into contact with the filtered or unfiltered
sample.  Do not let these surfaces come into contact
with the surfaces of other objects to prevent
contamination from or transfer of dirt, dust, oil,
grease, etc.

2.  Keep filtered samples well chilled (<4 C).  Special
arrangements for sample shipment, analysis, etc., may
have to be made to meet the 48-hour holding time for
SRP.

3.  Use 150ml bottles for nutrients and metals, and 100
ml bottles for SRP.  This standardization shall help
avoid confusion during sample preservation and
laboratory analysis.

F.  QUALITY CONTROL

See Field Collection Procedure, Section 10.4, for the
preparation of filter blanks.



Section No.  11.0 
Revision No.    0  

Date:  4/1/95

11-09.DOC

G.  SPECIAL INSTRUCTIONS

Use only apparatus prepared using Equipment Preparation
Procedure, Section 11.1.

H.  REFERENCES    None

I.  PROJECT

Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive



Section No.  11.0 
Revision No.    0  

Date:  4/1/95

11-09.DOC

11.9.3 Integrated Samples (Equal Width and Depth)

An integrated sampling design may be desirable to reflect the
average concentration for parameters sampled in stratified
lakes and reservoirs.  The DEQ uses point integration
sampling of lakes using a Kemmerer bottle or similar device,
and compositing.

Integration sampling may also be desirable for constituents
that are not uniformly dissolved or suspended in the water
column of streams and rivers.  The constituents sampled may
include total suspended sediment, total recoverable metal,
total metals, or total nutrient concentrations that may be
associated with sediment.  Stream integration sampling is an
attempt to meet the basic requirement that the sample
collected represents the entire water-sediment mixture at the
immediate vicinity of the sampling point at the time of
sampling.

The DEQ uses a DH-48 depth integrating sampler and the equal-
width-increment method (USGS, 1985) to sample wadeable
streams.  The methods incorporate equal width and depth by
sampling by depth integration at vertical space across a
transect.  A total load (i.e., tons/day or lbs/day) of
sediment, total nutrients or total metals can be estimated by
measuring stream discharge simultaneously with the collection
of an integrated sample.  The total load is calculated by the
following equation:

Depth Integrated Sample Concentration (mg/L)(0.0000000011026
tons/mg)(28.31684 L/CF)(Measured CFS)(86,400 sec/day) =
tons/day

A.  PRECAUTIONS

If sampling for trace metals do not use metal alloy
integrated samplers where the sample has contact with the
metal.

B.  REFERENCES

National Handbook of Recommended Methods For Water – Data
Acquisition, USGS (1977)

Field Guidelines for Collection, Treatment, and Analysis of
Water Samples, Montana District. U.S. Geological Survey Open-
File Report 85-409 (1985)
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11.9.4  Pesticides

A.  EQUIPMENT

Acetone-rinsed one-gallon glass container with teflon-lined
caps (supplied by Chemistry Laboratory)

B.  COLLECTION

Samples collected from surface water for pesticide analyses
are collected as are most other water samples.

The container does not need to be rinsed with the source
water.  Fill the container and cap.

C.  FILTRATION None

D.  PRESERVATION

No preservative is added.  Chill the sample to <4 C.  Holding
time is 14 days.

E.  PRECAUTIONS None

F.  QUALITY CONTROL  None

G.  SPECIAL INSTRUCTIONS

Laboratory analyst needs some idea of the specific pesticide
to be analyzed.  No scan can be run to give preliminary
identification of one or a group of pesticides that might be
present.  Consult with the Chemistry Laboratory before
samples are collected.

H.  REFERENCES None

I.  PROJECT

Intensive Surveys (Complaint Investigations)
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11.9.5  Water Sampling Equipment (Teflon Bailer, Kemmerer, and Van Dorn Bottles)

The physical location of the investigator when collecting a
sample may dictate the equipment to be used.  If surface
water samples are required, direct dipping of the sample
container into the stream is desirable.  This is possible,
however, only from a small boat, a pier, etc., or by wading
in the stream.  Wading, however, may cause bottom de posits to
rise and bias the sample.  Wading is acceptable if the stream
has a noticeable current (is not impounded), and the samples
are collected directly into the bottle while pointed
upstream.  If the stream is too deep to wade or if the sample
must be collected from more than one water depth or from a
bridge, etc., supplemental sampling equipment must be used.

Teflon bailers may be used for surface water sampling, if the
data requirements do not require a sample from a strictly
discrete interval of the water column.  A closed top bailer
with a bottom check-valve is sufficient for many studies.  As
the bailer is lowered through the water column, water is
continually displaced through the bailer until the desired
depth is reached, at which point the bailer is retrieved. 
This technique may not be successful where strong currents
are found, or where a discrete sample at a specific depth is
required.

If discrete samples are desired at a specific depth, and the
parameters to be measured do not require a Teflon coated
samplers, a standard Kemmerer or Van Dorn sampler may be
used.  The Kemmerer sampler is a brass cylinder with rubber
stoppers that leave the ends of the sampler open while being
lowered in a vertical position to allow free pass age of water
through the cylinder.  The Van Dorn sampler is plastic and is
lowered in a horizontal position.  In each case, a messenger
is sent down a rope when the sampler is at the designated
depth, to cause the stoppers to close the cylinder, which is
then raised.  Water is removed through a valve to fill
respective sample bottles.  With a rubber tube attached to
the valve, DO sample bottles can be pro perly filled by
allowing an overflow.  With multiple depth samples, care
shall be taken not to stir up the bottom sediment and thus
bias the sample.

A plastic bucket can be used to collect samples if the
parameters to be analyzed do not preclude it.  However, the
bucket shall be rinsed twice with the sample water before
collection of the sample.
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11.9.6  Automatic ISCO Samplers

The automatic ISCO sampler is a programmable sampler that can
be used where intensive routine sampling is desired.  The
sampler can be set to sample at time intervals or flow
intervals by hook up to an automated ISCO flow meter.  The
sampler can be programmed to collect composite or grab
samples at preset volumes.

The ISCO sampler, however, can require a great deal of effort
to install and needs to be protected from the elements and
vandalism.  In order to generate useful data the ISCO sampler
also requires sound technical support.  

A.  REFERENCES Owners Manual
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11.11  QUALITY CONTROL (WATER SAMPLING)

11.11.1  Filter Blanks

A.  EQUIPMENT

1.  One 500ml wide-mouth polyethylene collection bottle
(Nalgene or equivalent)

2.  One Swin-Lok filter holder (with 47mm diameter
0.45um Gelman Supor-450 membrane filter and 47mm
diameter Whatman GF/C glass fibre prefilter)

3.  One 60ml syringe ( Charise)

4.  Four 150ml polyethylene sample bottles

5.  Two 100ml polyethylene sample bottles

B.  COLLECTION

1.  Rinse four sample bottles three times each with DI
water.

2.  Fill one 100ml bottle with approximately 50ml of DI
water.  Label "DI Blank #1".  Analyze for O-PO 4.

3.  Fill one 150ml bottle with approximately 100ml of
DI water.  Label "DI Blank #2".  Preserve with H 2SO4. 
Analyze for NH 3 and NO 2 + NO 3.

4.  Fill one 150ml bottle with approximately 100ml of
DI water.  Label "DI Blank #3".  Preserve with HNO 3. 
Analyze for trace metals.

C.  FILTRATION

See Dissolved Nutrients or Metals, Section 11.9.2, for
collection methodology, and for filtration procedure.  Fill
the second 100ml bottle with 50ml of filtrate.  Label "Filter
Blank #1." Analyze for O-PO 4.  Fill second 150ml bottle with
100ml of filtrate.  Label "Filter Blank #2".  Preserve with
H2SO4.  Analyze for NH 3 and NO 2 + NO 3.  Fill the third 150ml
bottle with 100ml of filtrate preserve with HNO 3.  Analyze
for trace metals.



Section No.  11.0 
Revision No.    0  

Date:  4/1/95

11-11.DOC

D.  PRESERVATION

Dilute H 2SO4 for N(provided by laboratory in marked ampules)
to compensate for small sample size.  No preservative for P.

E.  PRECAUTIONS

See Field Collection Procedures, Section 10.4, for special
precautions.

F.  QUALITY CONTROL

Use only DI water taken from carboy used by Laboratory
Analyst to prepare standards.  This is the freshest DI water
in the laboratory.

G.  SPECIAL INSTRUCTIONS

1.  Use only apparatus prepared using Equipment
Preparation Procedure, Section 11.1.

2.  Filter blanks may be prepared in either the
laboratory or the field.  The primary purpose of the
blanks is to check the thoroughness of the procedure
for acid-cleaning filtration apparatus and to check for
contaminants in the filters.

H.  REFERENCES None

I.  PROJECT

Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive Surveys
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11.11.2  Field Blanks

A.  EQUIPMENT

One 250ml polyethylene bottle filled with DI water

B.  COLLECTION

Rinse bottle three times with DI water.  Fill bottle nearly
to top and cap.

C.  FILTRATION None

D.  PRESERVATION

Transport bottle to field.  At the end of the field study,
preserve sample with HNO 3 for trace metals and H2SO4 for
total nutrients.  Return to laboratory for analysis.

E.  PRECAUTIONS

1.  Make sure bottle has been acid-soaked according to
Equipment Preparation Procedure, Section 11.1.

2.  Determine whether the preservative ampule shall be
a Teflon ampule or a regular laboratory preservative
ampule.

F.  QUALITY CONTROL

Use only DI water taken from carboy B in the Chemistry
Laboratory.  This carboy is used most frequently and water in
it is therefore replaced often.  It is also the water used in
the preparation of laboratory standards.

G.  SPECIAL INSTRUCTION

One liter bottle may be needed for analysis of certain metals
or nutrients.

H.  REFERENCES  None

I.  PROJECT

Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive Surveys.
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11.11.3  Duplicates

A.  EQUIPMENT

1.  Sample  bottles  (1L or 25ml polyethylene bottles)

2.  Preservatives

B.  COLLECTION

1.  Samples are collected following Water Collection
Procedures, Section 11.9.1, (Grab Samples) and
procedures for the particular parameters of interest
(i.e., TSS, Dissolved Nutrients, etc.).

2.  When collecting duplicate samples, all steps
performed in collecting one sample (or set of samples)
shall be repeated so that two samples (or sets of
samples) have been collected.

3.  Ideally, duplicates shall be submitted to the
laboratory under a fictitious name that is recorded in
the field notes or log book.  Due to the laboratory's
familiarity with the DEQ's long term sampling programs,
"fictitious" names often arouse suspicion and it is
debatable whether such precautions accomplish their
objectives.  Fictitious names are usually more
successful in one-time surveys or short term surveys
where laboratory analysts are unfamiliar with sampling
locations.  Duplicates may be submitted to the
laboratory labeled as "Duplicate" samples.

4.  Duplicates must be handled identically
(temperature, preservation, etc.).

C.  FILTRATION

Filtration is conducted as required in the procedure
appropriate to the parameter(s) of interest.

D.  PRESERVATION

Samples are preserved as necessary to meet EPA requirements.
 It is important that duplicates be handled (temperature,
preservation, etc.) identically.

E.  PRECAUTIONS

1.  It is important that duplicates are collected under
the same conditions.  In grab sampling streams,
wastewater discharges, etc., this can best be done by
collecting them side-by-side and simultaneously, if
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possible.  Samples collected at different times or at
different points in a stream shall not be measuring the
error in the collection or analytical process, but the
natural spatial or temporal variation in water quality.

F.  QUALITY CONTROL

1.  Acceptable limits for duplicate sample analyses is
defined as a difference no greater than two standard
deviations specified in the laboratory's Quality
Assurance limits for the appropriate parameter,
concentration range, and measurement method.

2.  In case duplicate analyses are unacceptable ("Out
of limits"):

a) Audit the records (field notes or log book,
laboratory records, bench logs, strip charts,
internal quality control checks) and evaluate
methodology and techniques.

b) Initiate corrective action based on the findings of
step a.

c) Submit another duplicate as soon as possible for
the constituents in question.

d) Re-evaluate procedures and/or records associated
with the new duplicate as soon as possible.

e) Determine the acceptability of data; unacceptable
data shall be withheld from the data base;
withdrawn from the data base if already entered; or
used with discretion.

3.  If a duplicate is submitted using a fictitious
name, be sure appropriate steps are taken to prevent
its being entered permanently into the computer or
office file as a real sample.

G.  SPECIAL INSTRUCTIONS

There is often a temptation to take duplicate samples from a
"common bucket" to eliminate temporal and/or spatial water
quality variability.  While this increases the homogeneity of
the sample, it also represents a deviation from the usual
sample collection procedure and introduces another possible
source of sample contamination.  Such a procedure shall be
avoided.

H.  REFERENCES  None

I.  PROJECT

Clark Fork Basin Study, NPDES Compliance Monitoring,
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Intensive Surveys, Drinking Water



Section No.  11.0 
Revision No.    0  

Date:  4/1/95

11-11.DOC

11.11.4  Spikes

A.  EQUIPMENT

1.  One new four-liter polyethylene cubitainer

2.  One clean (preferably acid rinsed) 1000ml
volumetric flask

3.  One 10ml volumetric pipette

B.  REAGENTS

1.  Environmental sample

2.  Preservatives

3.  EPA Quality Control samples

C.  PREPARATION

1.  Spikes are prepared by diluting a small volume of
an analyte of known concentration with an environmental
sample (matrix).  After analyzing the spike and the
environmental sample, the accuracy of the measurement
method can be determined by calculating how much of the
analyte was recovered.

2.  Spikes shall be prepared so that the addition of an
analyte increases the sample concentration by 50 to 200
percent.  This requires that the environmental sample
collected have measurable concentrations of the
constituents of interest, preferably at a minimum
concentration of 5X the detection limit.  Historical
data shall be reviewed to determine possible sources of
environmental samples.  Slightly to moderately polluted
waters (i.e., below wastewater treatment discharges,
streams affected by acid mine drainage) are good
prospects.

3.  Select an EPA Quality Control sample to use for the
spike.  Select one that, based on the review of
historical data, shall increase concentrations of the
constituents of interest 50 to 200 percent.
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4.  Collect the environmental sample in the four-liter
cubitainer.  Rinse three times before filling, and
preserve with an adequate amount of the appropriate
preservative.  Handle and ship as any other sample.

5.  Consult instructions for EPA Quality Control
samples for specific preparation instructions. 
Generally, 10ml of the QC sample are pipetted into the
volumetric flask, then diluted to 1000ml with the
environmental sample (procedure may vary depending on
the constituent of interest).  Mix thoroughly.

6.  Transfer the spiked sample to a regular sample
bottle.  The spike is identified and is recorded in the
field notes or log book.

7.  Transfer the environmental sample to a regular
sample bottle and label with the proper identifying
information.

8.  The sample and spike must be handled identically
(temperature, preservation, etc.), and analyzed for the
same parameters.

9.  Submit both spike and sample to the laboratory in a
routine manner.

D.  PRECAUTIONS None

E.  SPECIAL INSTRUCTIONS

1.  Acceptable spiked sample analyses are recoveries
within the acceptance limits specified in the Chemistry
Laboratory's Quality Assurance Limits  for the
constituent, concentration range, and analytical method
of interest.  Percent recovery is calculated as  

100 x (A-B)/D
                                 

Where A = concentrations of matrix & spike
          B = concentration of matrix

       D = actual spike concentration
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2.  In case analyses are unacceptable ("out of
limits"):

a) Audit the records (field notes or log book,
laboratory records, bench logs, strip charts,
internal quality control checks) and evaluate
methodology and techniques.

b) Initiate corrective action based on the findings of
step a).

c) Submit another duplicate as soon as possible for
the constituents in question.

d) Re-evaluate pro cedures and/or records associated
with the new duplicate as soon as possible.

e) Determine the acceptability of the data.  
Unacceptable data shall be withheld from the data
base, withdrawn from the data base if already
entered, or used with discretion.

3.  If a spike is submitted using a fictitious name, be
sure appropriate steps are taken to prevent its being
entered permanently into the computer or office files
as a real sample.

F.  REFERENCES    None
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11.11.5  Reference Sample

A.  EQUIPMENT

1.  One clean (preferably acid rinsed) 1000ml
volumetric flask

2.  One 10ml volumetric pipette

B.  REAGENTS

1.  One reference sample

2.  Preservatives

3.  Deionized water

C.  PREPARATION

Reference samples are prepared by diluting a small volume
(10ml) of an analyte of known concentration to 1 liter with
deionized water and adding the required preservative.  The
reference sample has a known confidence interval that must be
achieved by a USEPA certified laboratory and shall be run
with all samples for QA/QC.

D.  PRECAUTIONS None

E.  SPECIAL INSTRUCTIONS

Reference samples are run by the Chemistry Bureau routinely.
Documentation of reference sample QA/QC is available from the
Chemistry Bureau on demand.

F.  REFERENCES    None



Appendix C

Northen Analytical Laboratories (Chemistry) Standard Operating Procedures

Sample Receipt and Log - In

Analytical Method SOPs by SAP Section

3.2.1 TDS and SAR

3.2.2 TSS

3.2.4 Metals

3.2.5 Nutrients and chlorophyll-a













































































































































































































































































































Appendix D

Biological Sampling and Analysis Standard Operating Procedures

Macroinvertebrate Collection

Macroinvertebrate Analysis

Periphyton Collection and Analysis



PERIPHYTON COLLECTION AND ENUMERATION METHODS
            TMDL Planning Areas, MONTANA

Periphyton Collection Methods

Periphyton samples for taxonomic identification and enumeration will be collected at each site
following protocols of the EMAP Western Pilot Study (Peck et al. 2000).  Samples are collected
from assigned sampling points at each transect across the stream.  Once the sampling point is
determined, either an erosional or a depositional sample is collected, depending on whether the
dominant habitat at the sampling point is flowing water (e.g., a riffle or run) or slack water (e.g.,
a pool).  A composite sample for the reach is prepared by combining the individual transect
samples as they are collected into a single plastic bottle.  The volume of the composite sample is
recorded on a sample collection form and on the bottle label.

Periphyton Preservation and Enumeration Methods
 

Shake the composite sample vigorously and, with a syringe, withdraw a 50 ml aliquot into a
smaller bottle or centrifuge tube.  Preserve this subsample with 2 ml of 10% formalin solution. 
Record the subsample volume, along with sample date and location, on the sample collection
form and on the subsample label.  The subsample will then be sent or delivered to the algae
analyst for identification and enumeration.

For identification and enumeration of soft algae, the subsample will be shaken vigorously and an
aliquot will be removed to a Palmer-Maloney Counting Cell.  A minimum of 300 cells will be
identified to the lowest practical taxon (usually genus) and counted at 400X following Standard
Methods (APHA 1992).  The percentage of living vs. dead (empty) diatoms will also be recorded
at this time.  If algae are too sparse to allow for counting 300 cells using the Palmer counting
chamber, a Sedgwick-Rafter cell will be used instead.  Counts of soft algae will be entered into
the Montana Diatom Database (Access 97) and will be made available electronically for
statistical evaluation.

A portion of the remainder of the subsample will be cleaned using concentrated sulfuric acid and
potassium dichromate.  A few drops of the cleaned subsample will be dried on a coverglass and
permanently mounted in Meltmount 1.704, a high-refractive index mounting medium made by
Cargille, Inc.  Two permanent diatom slides will be made from each subsample.  A diatom
proportional count will be performed on one slide, counting a minimum of 300 cells (600 valves)
at random and identifying each diatom to species.  A  suite of 8 diatom association metrics
(Stevenson and Bahls 1999) will be calculated from each count.  Diatom count data and metrics
will be entered into the Montana Diatom Database (Access 97) and will be made available
electronically for statistical evaluation.

The slide used for the diatom proportional count will be deposited in the Montana Diatom
Collection at the University of Montana Herbarium in Missoula.  The other slide will be retained
by Hannaea in Helena.  

References

American Public Health Association.  1992.  Standard Methods for the Examination of Water
and Wastewater, 18th Edition. A.P.H.A., Washington, D.C.

Peck, D.V., J.M. Lazorchak, and D.J. Klemm (eds.).  May 2000. Environmental Monitoring and
Assessment Program--Surface Waters:  Western Pilot Study Field Operations Manual for          



Wadeable Streams.  U.S.E.P.A., Regional Ecology Branch, Western Ecology Division, National
Health and Environmental Effects Research Laboratory, Corvallis, OR.

Stevenson, R.J. and L.L Bahls. 1999.  Periphyton Protocols, p. 6/1-6/23 in Barbour, M.T.,
J.Gerritsen, B.D. Snyder, and J.B. Stribling (eds.), Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and Fish, 2nd Edition. 
EPA 841-B-99-002.



STANDARD OPERATING PROCEDURES
FOR THE COLLECTION OF A MACROINVERTEBRATE

SAMPLE FROM WADABLE RIVERS AND STREAMS

Summary

Macroinvertebrates are excellent indicators of aquatic health. Additionally, due to the range of
life spans and varying needs throughout their life span macroinvertebrates are excellent
indicators of chronic and acute pollution impacts.

In rivers and streams which naturally contain cobble (riffle/run) habitat, a single sample
collected from this habitat is considered representative of the stream reach.  Many rivers and
streams in the state, however, do not naturally contain cobble substrate.  These rivers and
streams are typically low gradient streams with sandy or silty sediments.  In cases where cobble
substrate represents less than 30 % of the sampling reach in reference streams (i.e., least
impaired streams which represent the ecoregion or basin) the multi-habitat method for collecting
macroinvertebrate samples should be used.  It is important to recognize that the appropriate
sampling method (single or multi-habitat) should be selected based on the habitat availability of
the reference condition and not of potentially impaired streams.  For example, the multi-habitat
method should not be used for stream reaches where the extent of cobble substrate was reduced
due to anthropogenic sediment deposition.  Conversely, the single-habitat method should not be
used where the stream reach contains artificially introduced rock or cobble material. 

The following methods have been developed, in part, based on the Rapid Bioassessment
Protocols for Use in Streams and Wadable Rivers: Periphyton, Benthic Macroinvertebrates, and
Fish, Second Edition (Barbour et al. 1999). 

Field Collection Procedures for Single-Habitat Macroinvertebrate Samples

Equipment list

___   D-frame net, Kick net, Surber Bottom Sampler, or Hess Bottom Sampler (500-600 µm
         mesh opening)
         Waders (chest-high or hip boots)
         Sample containers (1 and 2 liter plastic jars), Sample container labels (water proof paper)
         95 % Ethanol
         Sieve bucket (500 µm mesh opening)
         Forceps
         Permanent magic marker (black)
         Pencils, clipboard
         Field Forms
___   Camera
___   Global Positioning System (GPS) Unit (optional)

Procedures 



Field Collection Procedures for Multi-Habitat Macroinvertebrate Samples

Equipment list
      D-frame net
      Chest waders
      1 and 2 liter plastic jars
      10% buffered formalin
      Sieve bucket
      Forceps
      Permanent magic marker (black)
      Pencil
      Field Forms

Procedures 

1. Macroinvertebrates will be collected using a D-frame aquatic net with a 454 cm2 opening
and 600 micron mesh. 

2. At each site, a qualitative composite sample will be collected from stable stream habitats
such as riffles, shoreline, aquatic vegetation, leaf pack, root wads, and snags. Each
composite sample will consist of collecting 20 individual samples apportioned among the
stable stream habitats, with a minimum of 2 samples per habitat. 

3. Habitat sampling will be weighted toward the amounts of individual habitats encountered
at each site. For example, if a sampling reach is composed of 10 percent riffles, 40
percent pools with vegetation, and 50 percent runs with over hanging banks, 2 samples
would be collected from the riffles, 8 from the pools and 10 from the runs. 

4. The 20 individual samples will be combined into a single container and preserved with a
10 percent formalin solution buffered with borax.

5. Container is labeled with permanent black magic marker. Label information includes; 1)
sample number, Site number, Date, Time, and Sampler. 

6. Care will be taken to ensure all the animals within the net are transferred by washing the
net into the container using the preserving solution. 

7. Sample container will be labeled with site identification and date using permanent black
magic marker.

  
8. Fill out field form.   Data recorded on the form are, 1) site identification, 2) time, 3) date,

4) personnel, and 5) method of collection.

9. Collect upstream down stream photo-point. After the final clean up and prior to leaving, a
upstream downstream photograph is collected using either a digital or 35 millimeter
camera.



10. Quality and quantity assurance is verified by revisiting at a minimum of three sites each
sampling year. The re-sampling will identify the range of variance associated with the
method of sampling and analysis employed. For future reference and verification a
voucher collection of all species collected at each site will be preserved and archived by
the the contractor.



Macroinvertebrate (IBI) Field Collection Data Log 

Sample 

No. Waterbody Name & Site Description Date Time

Collection

Method Personnel

Figure 7.19.1 Macroinvertebrate (IBI) Field Collection Data Log 



STANDARD OPERATING PROCEDURE FOR
LABORATORY PROCESSING OF MACROINVERTEBRATE SAMPLES

Summary

Macroinvertebrate sample processing will include washing, rinsing, sub-sampling, identification,
and enumeration of aquatic Macroinvertebrates. 

Procedures

1. Individual sample processing protocol for the macroinvertebrate samples will be
developed by analyzing a statistically relevant subset randomly selected from the original
samples. One sub-sampling will be processed as a representative of the field sample

2. The laboratory procedures begin with the removal of the preservative by rinsing each
macroinvertebrate sample over a 0.5 mm screen. 

3. The sample is then transferred to a standard white 30 x 40 cm flat tray with 5 x 5 cm
square markings on the bottom. Enough water is added to the tray until the sample is
completely dispersed and evenly distributed.

4. To begin, 3 sub-samples consisting of 100 animals will be selected from randomly
selected field samples. Quadrants will be randomly selected for each sub-sampling and
all organisms removed within each quadrant until the total number of organisms obtained
for that sub-sampling is +/-10% of the specified sub-sampling size. When counting
organisms, any animal which is lying over a line separating two quadrants is considered
to be in the quadrant containing the head. 

5. A determination on additional sub-sampling will be made following organism
identification and enumeration. Additional sub-sampling will be performed if sample
analysis yields ambiguous, spurious or unclear results. If additional sub-samples are
taken, the indices are averaged with those of the original sub-sample.

6. Macroinvertebrates will be identified to the lowest practical level. The number of each
group will be recorded on a laboratory data sheet. Representative specimens of each
animal identified will be selected and stored separately in a voucher collection. The
voucher collection of identified specimens will be maintained by the taxonomist until
appropriate action is taken, as determined by U.S. EPA Region 8 and the State of
Montana. 

Quality assurance quality control

The laboratory QA/QC of Macroinvertebrates samples will involve; 

1. Sub-sampling replicate field samples. 



2. Performing replicate sub-samples on ten percent of field samples.

3. Removing and identifying all organisms from 10 percent of the field samples; and 

4. Providing a voucher collection to be maintained by the the contractor until such time as
appropriate action is taken, as determined by U.S. EPA Region 8 and the State of
Montana.  



LAB TECHNIQUES

LAB OPERATIONS OVERVIEW

Once brought back to the lab, samples will be checked in and recorded on either the River or Lake
Sample Tracking Sheet.  The samples will be stored until ready for sorting, counting, and
identification.  All sorting, identifications, and storing will take place at the subcontractor’s
laboratory.
 
A fixed count subsampling method will be used.  This project will sort to approximately 500
organism subsamples.  Sort residue (or sample pickate) will be saved in a separate container labeled
pickate. All materials (identified sample, sort residue, and unsorted sample remains)  will be retained
by the contractor until directed otherwise by the State of Montana or U.S. EPA Region 8.  All
specimens will be identified to the lowest possible taxon, primarily genus, but species, if possible.
Avoucher collection will be prepared for each site and a taxonomic reference collection for the for
the project overall.
 
WASHING AND PREPARING SAMPLE FOR SORTING

Thoroughly rinse sample in a 500 :m-mesh sieve to remove preservative and fine sediment. Large
organic material (whole leaves, twigs, algal, or macrophyte mats, etc.) not removed in the field
should be rinsed, visually inspected, and discarded.  If the samples have been preserved in alcohol,
it will be necessary to soak the sample contents in water for about 15 minutes to hydrate the benthic
organisms, which will prevent them from floating on the water surface during sorting.  If the sample
was stored in more than one container, the contents of all containers for a given sample should be
combined at this time.  Gently mix the sample by hand while rinsing to make homogeneous.

After washing, spread the sample evenly across a pan marked with numbered grids approximately
6 cm × 6 cm.  Along the sides and top of the gridded pan, line up numbered jars, which will hold the
sorted organisms.  It has been our experience that you should start with jars one to fifteen set up and
have jars sixteen to thirty available if needed.  If the sample is to be identified that day, these jars can
contain water.  If it is towards the end of the day and they will not be identified in the next twelve hours
the jars should contain 70 percent ETOH.  

SAMPLE SORTING AND COUNTING

Using a deck of cards that contains numbers corresponding to the grids in the pan, draw a card to select
a grid within the gridded pan.  This is done to make sure a random sampling is carried out.  Begin
picking organisms from that square and placing them in labeled sample vials or other containers.  Any
organism that is lying over a line separating two grids is considered to be on the grid containing its head.
In those instances where it may not be possible to determine the location of the head (worms for
instance), the organism is considered to be in the grid containing most of its body When all organisms
have been removed from the selected grid, draw another card and remove all the organisms from that
grid in the same manner.   Continue this process of drawing cards and picking grids. The sorter should
monitor the total number of organisms being removed from each grid.  As the total number approaches
the target number (500), the sorter should be careful to remove all organisms from the final grid even



if 500 is attained after only partial completion.  Note on the bench data sheet how many grids were
picked to get the final count.  Each sample should result in three ?types? of samples:  1) the sample
to be sent to the taxonomist, 2) sort residue, or pickate, and 3) unsorted sample remains.  All containers
should have the same information as  the original sample container, and labelled as to which type of
sample it is.

After laboratory processing is complete for a given sample, all sieves, pans, trays, etc., that have come
in contact with the sample will be rinsed thoroughly, examined carefully, and picked free of organisms
or debris; organisms found will be added to the sample residue.

SAMPLE IDENTIFICATION

All specimens will be identified to genus level; where it is not possible to do so, reasons will be noted
(e. g., early instars, juvenile or damaged specimens) and more coarse level nomenclature applied, such
as tribe, family, or order.

Record the identity and number of organisms on the Lab Data Sheet.  Also, record the life stage of the
organisms and the taxonomist’s initials.  After each taxon is identified, the organisms will be placed in
a container labeled with the site number, location, and date.  This container, along with any slides,
constitute the voucher collection for that site.  After the sample has been identified, properly labeled,
and placed in 70 percent ETOH it will be cataloged and held by the taxonomist until appropriate action
is taken, as determined by the U.S. EPA Region 8 and the State of Montana.  

SLIDE PREPARATION

Midge (Chironomidae) larvae and pupae will be mounted on slides in an appropriate medium
(e.g., Euperal, CMC-10); slides will be labeled with the site identifier, date collected, and the first initial
and last name of the collector.  As with midges, worms (Oligochaeta) must also be mounted on slides
and should be appropriately labeled. 

REFERENCE COLLECTION AND SAMPLE VOUCHERS

A reference collection will be developed for the overall project that includes at least one specimen for
each taxon identified, from all sites and samples.  Each taxon will be represented by at least one
specimen in a labeled vial filled with 75% ethanol, or mounted on a slide in the appropriate medium
(CMC-9 or 10, or Euperal).   A voucher sample will be prepared for each site that includes all specimens
identified from a subsample (excluding those that are slide mounted or removed for the reference
collection).



REFERENCES USED TO PREPARE THIS SECTION

Barbour, M.T., and J. Gerritsen.  1996.  Subsampling of benthic samples: A defense of the fixed-count
method.  Journal of North American Benthological Society 15 (3): 386-391.

Barbour, M.T., Gerritsen, J., Snyder, B.D., and J.B. Stribling.  1999.  Rapid Bioassessment Protocols
for Use in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates, and Fish (second
edition).  EPA 841-B-99-002.  U.S. Environmental Protection Agency, Washington D.C.

Gibson, G.R., M.T. Barbour, J.B. Stribling, J. Gerritsen, and J.R. Karr.  1996.  Biological criteria:
Technical guidance for streams and small rivers (revised edition).  U.S. Environmental Protection
Agency, Office of Water, Washington D.C. EPA 822-B-96-001.

Lazorchak, J.M., Klemm, D.J., and D.V. Peck (editors).  1998.  Environmental Monitoring and
Assessment Program ? Surface Waters: Field Operations and Methods for Measuring the Ecological
Condition of Wadeable Streams.  EPA/620/R-94/004F.  U.S. Environmental Protection Agency,
Washington D.C.

Merritt, R.W. and Cummins, K.W., 1996.  Introduction to the Aquatic Insects of North America, Third
Edition.  Kendal/Hunt Publishing Company, Dubuque, IA.

Moulton II, S.R., Carter, J.L., Grotheer, S.A., Cuffney, T.F., and T.M. Short.  2000.  Methods of
Analysis by the U.S. Geological Survey National Water Quality Laboratory ? Processing, Taxonomy,
and Quality Control of Benthic Macroinvertebrate Samples.  00-212.  U.S. Geological Society.

North Dakota Department of Health.  1996.  North Dakota Rapid Bioassessment Protocol ? Benthic
Macroinvertebrates (1995-1996 Proposed Workplan).  North Dakota Department of Health.  
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